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File No. S437-40 
I. 
CONDUCT. OF INVESTIGATION 

An accident involving aircraft NO 217E9, while operating in 
scheduled air carrier service as Trip 19 of Pennsylvania Central 
Airlines Corporation, occurred in the vicinity ©f Lovettsville, 
Virginia, on August 31, 1940, at approximately 2:41 p.m. (EST), 
resulting in the destruction of the airplane and fatal injuries to 
everyone on hoard. The accident was reported to the dispatch office 
of Pennsylvania Central Airlines in Pittsburgh at about 4:55 p.m. by 
a resident of Lovettsville , which report ivas relayed to personnel of 
the Civil Aeronautics Board at 5:45 p.m. (EST) . 

Inspect i on and _ Presentation of : r eckage 

Immediately after receiving this notification, the Board initiated 
an investigation of the accident in accordance with the provisions of 
section 702(a)(2) of the Civil Aeronautics Act of 1938, - as amended. 
Accident investigators of the Board arrived at the scene of the acci- 
dent at about 7:30 p.m. and immediately took charge of the wreckage 
and secured the services of the Virginia State Police and the office 
of the Sheriff of Loudoun County, Virginia, to assist in guarding it. 
These investigators, v?ho remained on duty throughout the night, were 
joined the fol'lomng morning by additional investigators and the inspec- 
tion of the wreckage was continued. 

After a preliminary examination of the engines, propellers, and radio 
equipment, it vras decided that disassembly .of these parts would be neces- 
sary in order to make a complete inspection. Since it was practicable . 
to disassemble and inspect these parts only at a sho^s especially equipped 
for handling, this tyoe of equipment, Pennsylvania Central Airlines was 
1$733 . 



directed to. remove the parts to its overhaul shop at Pittsburgh which 

offered the nearest facilities available for the purpose. The parts 

v : Were. removed from the scene of the accident and transported in a 

Pennsylvania Central Airlines truck at the direction of the Chief of 

1/ 
the Investigation Division of the Board. 

The Chief of the Investigation Division of the Board authorized 
the starting of the disassembly of these parts under the supervision 
/.of a maintenance inspector of the Civil Aeronautics Administration 
since the Board* s power plant technician had been delayed in arriv- 
; .-ing in. Pittsburgh from Dayton-, Ohio. The power section of the right 
; engine had been partially loosened before the arrival of the Board's 
■technician* He then supervised, the complete disassembly and inspec- 
tion of all parts. Subsequent to this inspection,: the propeller and 
■parts .of the engines were shipped to the National Bureau of Standards, 
Washington,. D, 0.., for further inspection and study. 

;:: igltioe the" remaining parts of the airplane wreckage were strewn over; . 
■a: -large area, it was necessary, after the position and condition of the ■ 
various parts had been established, to pick them up and place them in 
one. group in order that they might, be effectively guarded. This wreckage 
was guarded by the Virginia State Police and deputy sheriffs for a period 
./Of ten days, and then rerooved- to the Kashington-Hoover Airport, where it 
.■now: remains in the custody of the Board. . 

Public Heari ng and Subsequen t Investigation 
.'In connect ion with the investigation of the accident, a public hearing ^ 



L%J' "fhe : enginl'S; and other -parts were examined at : the scene of the accident 

\ :^ribr to departure-..- of the' truck for Pittsburgh, inspection subsequent 

W-ft^tvalrand the: -evidence, obtained at the -time of disassembly showed " 

..//£&&■ engines /and .other- parts to.be in the same condition as when examined 

'at the sc#ne "of. : tiie accidenti 1 '-":' ■ . : -,v 
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was held in Washington, D. 0., on September 6, 1940, through Sep- 
tember 13, 1940. Fred 1:1, Glass, Attorney of the Board, presided 
as hearing examiner, and in addition to the Members of the Board, 
the following personnel of the Safety Bureau of the 3oard partici- 
pated: Jerome Lederer, Director; R. D. Hoyt, Assistant Director; 
Frank E. Caldwell, Chief, Investigation Division; and Paul S. Gillespie, 
Chief, Investigation Section. At the hearing all of the evidence avail- 
able to the Board at that tine was presented.. One hundred and thirty-. 
four exhibits were introduced and eighty-five witnesses testified, ih- ; . 
eluding witnesses from the vicinity of the crash and experts In various 
technical subjects involved in the investigation. 

While the Members of the Board, the Examiner, and the representa- 
tives of the Safety Sure aj. were the only. ones, designated to ask questions 
directly of any witness, the presiding, gxami nor, acting under instruction 
of the Board, announced at the opening of the hearing that any person whs 
had any evidence, questions, or suggestions to present for consideration 
in the proceeding, might submit them to the Examiner. A number of such 
questions and suggestions were submitted, and at the close of the hearing 
.'tile Examiner announced that every question submitted had been asked unless 
the subject matter of the question had previously been covered by the 
testimony. In the course of the investigation, many suggestions have 
been submitted to the Board orally or in writing, and all have been 
carefully considered. 

Since the conclusion of the hearing, the Board and its staff have 
continued the investigation. Reports have been sought and received 
from the National Advisory Committee for Aeronautics, the Bureau of 
Standards, the Army Air Corps, and the Federal Bureau of Investigation 



on technical questions arising: out : . of the invest!* ation, and additional 
witness statements have been secured. Most of the vitaesses from whoa 
such statements have been obtained had testified et the public hearing, 
but a consideration of their testimony indicated tha necessity for 
securing more detailed and specific information fro;r. them. In addition, 
other witnesses who had not been discovered by the beard's investigators. 
during the limited time between the accident and the public hearing were 
able to give statements pertinent to the issues involved in the investi- 
gation. The testimony contained in these technical reports and supple- 
mental witness statements v;ill be discussed later in this report. 

Upon the banis of all of the evidence ayailcbie to it at this tine, 
the Board herewith m?I;es its report in accordance with the provisions . 
of the Civil Aeronautics Act of 1938, as.ameMed. 
■. - II. . 

There follows a summary of the evidence available to the Board it 
this time. This summary is made without ccmnent. An analysis of the . 
evidence is made under Fart III of this report. 

Air Carrier ■ 
Pennsylvania-Central iirlines, a Delaware corporation, was Operatiag." 
at the time of the accident "as -an air carrier unfer a certificate -of ^bll§ 
convenience and necessity and an air carrier operate certificate Iswd '' 
. pursuant to the Civil Aeronautics Act of If 56. . %,«, certificates >**>**$■ 
; it to en 3 aee in ai, transportation with r^ci >>»«»•, pro^rty, andV 
^between va.ioas^in.s, itol^^^ D. 0., ,d 3*«^?B 
Michigan, n * Pittsburgh, Jtennsylvania, Akron, Ohio, «M Cleveland- Ohio, 
16733 ; 



«■ 5 f 



Aircraft Personnel 



On the fli, ht in question the crew consisted of C:,>tair. Lowell Y, 
Scroggins, First Officer J. P ul Koore, and Flight Hostess L'srg-aret 
C "son. In addition, John B, Staire, Jr., secretary to the District 
Traffic Mria^er, was occupying the jump seat located just behind the 
pilots' seats. 

Captain Carotins had accumulated a total of 11,442 hours flying 
tine, of vhich 619 hours were in Dau^las BC-2 type airplanes. His 
last physical "examination, required by the Civil Aeronautics Authority, 
v;as talcen on 7 *::e 2C, 1940, and showed him to be in a satisfactory 
physical condition. A romber oi* pilots who had flown with "• .•tain 
Scropgins testified that he v?as a. competent pilot *fhc kept himself 
in excellent physical condition. Tirst Oi .icer Jlsore had accumulated 
a total of 6,018 hours flying tisie, of <4hich 319 hours were in SC -3 
type airplanes* His last physical examination, required by the -Civil 
Aeronautics Authority, was taken on June. 85, 1940, and showed aim to 
be in satisfactory physical condition. Both aimer: were possessed of 
the required rat.tn.~s and certificates of competency for the flight and 
equipment involved. . Hiss Carson of Fit tsbur^h, Fennsyi¥f,r.is, was 
employed by Bsnasylvanis-Central ..Airlines Corporation "on }?ay £3, 1940,' 
and had serve-: 1 pf? fli-'ht hostess since that date. t-r. Staire' s ex- 
perience ??as ail of a clerical .aM administrative character, not 
connected with the. actual operation of aire reft:. He had been en-loyeci- 
by Pennsylvania-Central Airlines on An^^t'':^/ 1$40, 

Inscription ;of Aircraft a>^ l^uip aent P rior to S^e-off 
.'■'"'. Aircraft M3 31789 -operated on' the' flif.'ht was- a Dou las ■' JcodeX DC-5-A 
manufactured.' by the Douglas. -Mroraft .'ObrToretion of Santa lloni-aa, Calif- 
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ornia. The airplane was received from the manufacturer by the 
Pennsylvania-Central Airlines Corporation on May 25, 19.40. It was 
powered with tvio bright Cyclone engines, Model G-102-A, each rated 
at 1100 horsepower for take off and was equipped with -Hamilton Standard 
constant speed, hydromatic, full-feathering propellers, 11 feet 6 inches 
in diameter, Hub Models 23 E 50 and Blade Models 6153A. This type of air- 
craft, equipped ivith engines and propellers as shove described, has been 
extensively and successfully used in commercial air transportation in this 
country and abroad for a number of years. 

The records of the company shov that the total flying time for 
aircraft KC 217G9. and its engines and propellers at the time the airplane 
left the Vashinpton-IIoover Airport on August 31, 1940, v/as 565 hours and 
54 minutes. The overhaul period on this type engine prescribed by the 
Authority for Pennsylvania-Central Airlines is 600 hours. 

■ The airplane arrived at T ;7ashin/?ton-Hcover Airport at 11:00 a.m. 
on Saturday, August 31, 1940, after havinp completed a shheduled flight 
from Detroit, Michigan. Eothinr unusual v/as reported concerning its 
operation on this trip nor had arLjthinf unusual or any mechanical defect 
or adjustment of more than a minor nature, been reported v/ith respect to 
any previous trip. 

?ollOT-ring its arrival in -vashinrton, the airplane ^as serviced vdth 
gasoline and oil and was riven a routine "turn-around" inspection. This 
inspection consists of a general visual examination of the airplane, 
especially of the propellers, wing and tail surfaces, and the controls 
which 'are 'visible from the outside, and the testing of the controls, 
engines, instruments , and radio equipment. In addition, the interior of 
the airplane is cleaned and the outside surfaces wiped off. The record 
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shows that nothing unusual was discovered during the course of this inspec- 
tion. - 

The airplane had been given the routine inspection to ' «hic-h it is sub- 
jected after every 60 hours of flight time on August 30, 1340, This Inspec- 
tion is much more detailed than the "turn-around" inspection and the record 
shows that nothing unusual was disclosed. 

This model aircraft and its equipment had been approved by the Civil 
Aeronautics Authority for air carrier operation over routes flown by Pennsyl- 
vania-Central Airlines with an approved standard gross vieirht of 24,546 pouads* 
■Thile the airplane had regular seats for £1 passengers and a crew, of three, the: 
company was authorized to carry an additional member of the crew, observer, 
or company employee in a jump seat located in the aisle directly behind the 
pilots* 3eats. The record shows that at the time of departure of Trip 19 from 
'Washington, the gross weight of the airplane -sas 24,372 pounds, including mil, 
cargo, 460 gallons of fuel, 40 gallons of oil, 21 passengers--^ a cre^ of theee^ 
and a company employee riding in the -jump-seat* The location Of the center &f 
gravity of the airplane at the time of take off was 23^ of the aean aerodynamic-' 
chord of the wings. 

'"•"''. The Flight 

Trip 19 was scheduled to leave "Tashington-Boover Airport at 1:50 p.sufBSI^.:'- 
On August 31, 1940, and, in accordance vnlth regular company procedure, was 
'cleared by the company dispatcher in Pittsburg, . ^ansyiva&ia, prior to de- 
parture* The clearance -was .based oh current se^ueRce weather reports t United .-■',- 
States Tfeather Bureau forecasts, and; -a trip forecast '.Made by -'the company : a»teoW' 
ologist. The pilot's flight plan statef that herjottld climb to an altitude .of 
6000 feet, cruise at: 5000 feet over l&rfiinsbuapg, West Virginia,, and . Frostburg, ' 

dryland;, and descend to 4000 feet o^«r : Scottsdaie, Pennsylvania » : The flight 
viras cleared to- cruise at $000 feet- by the- Airway Traffic Control Center- at ■ 
Washington,, ..instructions as to -the approach and landing, at. Fit-t^bar^h-^re" t-*- 

; $fr List- of ■; .passengers is shown in Appendix A. 
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be given the gilot from Pittsburgh after he had reported his position over 
Seottsdale. The estimated time of arrival was 3:30 p.m, 

The weather forecast made by the United States Weather Bureau for the Wash-f 
ingt on -Pittsburgh area for the period 11:30 a.m. to 7:30 p.m.. was available to' l 
the pilot prior to take-off and the record shows that the forecast, together wit; 
sequence weather, reports, was examined by the crew prior to preparation of the ; 
flight plan. The forecast predicted that overcast to occasionally broken olcudV- 
would exist from the mountains eastward, with scattered showers through the ■':[ 
mountains and some mild thunderstorms in the afternoon. Winds aloft of 20 to'.; 
30 miles per hour at 250 to 270 degrees were forecast.*^ : ''. 

The trip departed from the ramp at Washington-Hoover Airport at 2:05 p.m*. V. 
having been, delayed awaiting a local passenger. After taxiing out to the take-)" 
off position and running the engines up preparatory to taking off, the oil gaug.. 
for the right engine showed that the oil pressure in that engine was below nor-i; 
iaal. The airplane was then taxied back to the loading ramp where, at the requfe'. 
of the pilot, a Perinsylvania-Ceiitral Airlines mechanic made the appropriate acl-v- 
justment to. the oil filter to relieve it of any sediment which might be interffe. 
ing with the oil flow. After this mechanical adjustment^' had been made, the ejtk 
pilot indicated that the oil pressure was normal, and the airplane again left't'.jfj 
ramp. at 2:18 p.m. and following a run-up of the engines .at ^ the end of the runws|. 
took of f at 2;21 p.m.. '""^ :' v-f 

At 2:31 p.m., Trip 19 made the following position report to the Washington.: 
Hoover Airport: .'r-f 

."Trip 19 Herndon fan-marker 2:31; 4000; climbing; contact." '-■ T 

The airplane crashed about 2:41_.p.m. (EST) at a point approximately 2-1/2'-=; 
miles west of Lcvettsville, Virginia, and approximately 25 miles northwest of : ':4 : 
the Herndon. fan-marker." The crash occurred about one-half mile, oast of the ■ .v; 
base ©f Short Hill and approximately 5 miles to the. right {i.e., northeast} " ;' - 

63V the: on course signal of., the northwest leg of the Washington radio range at..-" "'■ 

art .elevation of about: 550. feet above sea level. The terrain in the immediate/.-?'. 

vicinity; is rolling and consists mainly of farm land interspersed with wooded^T 

areas. Short Hill is a ridge, the crest of \rhich rises in the neighborhood: : pf|- 
Lovettsville to 1300 to 1500 feet above /:Sea : level and to about 750 feet abo^eS-;' 
•the., level of the /terrain. at the ooint where the accident occurred. This ridfp 
; .whlch extends about IE i .hiles in a generally, north and. south direction, is. the* 
eastern most -of the Major ridges of the Blue Ridge Mountains. - ' ' -. / -£JL 

3/.Se:e.Apo0.ndix B .for weather analysis, official Weather Bureau forecast:, andM? 
. hourly sequence:- reports, ......... 

,4/ To be .discussed hereinafter .on page 52, . , ■■ -. ; 
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Course and Position of Aircraft 
Immediately Prior to t he Accident 

While no further report was received from the airplane after it report- 
ed over the Herndon fan-marker, a number of witnesses living near the scene 
of the accident testified that thoy saw an airplane within the last few 
minutes prior to the crash which they bnlie-ced to "be the one which was in- 
volved in it* 

Mrs. Dorothy Everhart testified that she was on the back porch of her 
home just south of Lovettsville and approximately 3-l/2 miles east of the 
scene of the accident when she saw an airplane proceeding normally in a. 
northwesterly direction toward Short Hill, the northern portion of which 
was at that time obscured by dark storm clouds. She was looking in a south- 
westerly direction when she saw the airplane and she watched it proceed 
directly toward the storm. She stated that she was momentarily blinded by 
the "brilliance of a lightning flash "just a little bit ahead" of the air- 
plane and lost siight of it. Shortly thereafter she heard a "low rumble "of 
thunder and after, a few seconds an "awful roaring". She testified that air- 
planes passed in the vicinity of her home quite frequently and that this one 
was "lower than most of them go ff . As she watched^ the airplane she; did not 
hear its motors but she was sure that the "awful roar " which she had heard 
after the lightning flash and the ramble of thunder was the sound ; of the air-^ 
plane. She further testified that at the .time of this occurrence it was not 
raining a , her home but that shortly thereafter/ the storm which had been in 

■ the vicinity of Short Hill ! ! came on over! 1 . She described it- as a very bad 
storm with lightning* some- thunder, and. extraordinarily heavy- rain, but no 

■ wihd. She testified that when -she -first saW s th© airplane the black clouds 



; .5/ See /Appendix If or radio; me a sages; in connection With the flight* 

6/ See Appendix C for a map of the Lovettsville; area showing the .scene of the 
accident and location of the witnesses. 
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obscured the mountains to the west and northwest "but that she could see blia® 
sky toward the south. 

,2J .. 

After the hearing investigators for the Board further questioned 
Mrs. Everhart as to the weather conditions during that day prior to the ac- 
cident. She stated that the sun had been shining off and on during the fore— j: 

A 

■ 1 

noon and <?arly afternoon at her home hut that the sky was overcast when Bhef t 
saw the airplane pass. Mrs. Everhart testified that another stroke of ligktej 
ing had preceded the one she saw while watching the airplane and she believed! 
that the former had struck the chandelier in one of the rooms of her home. | 
After this had occurred, she turned off the electricity in the house and weirij 
put on the back porch. She said that it was while she was on the back porch | 
that she saw the airplane and the flash of lightning which blinded her. tfitfcf 
the assistance of the investigators as described in Footnote ? she estimated j 
that the time intervening between the second lightning flash and the 



lI'Ajpiljer of witnesses residing in the vicinity of lovettsville testified, 
: '+..'>; at the 1 hearing that: they had seen an airplane or heard sounds which they- 
believed had come from an airplane in that vicinity at about the time of 
'"■■'1-ti* /accident and which they associated with it. After a consideration .- 
of their testimony subsequent to the hearing, it appeared that it would . 
"-"■ be in the interest of a full and complete investigation to secure more 
precise statements from them as to the weather conditions on the day of '-.- 
the accident, the position and altitude at which they had seen the air- . 
' plane to which they referred, and the time intervals which elapsed be- 
,: tween the various events or sounds to which they had testified, such as 
the i stroke of lightning, the sound of thunder and the sound of motors* 
* : v ; Sfer this reason investigators of . the Board /called upon these witnesses 
:' again, took additional statements from them, and in almost all cases at*- .;■ 
; :; tempted to -assist them :in estimating the elapsed time during particular .. 
. 'periods in question by having them retrace the movements they had made 
during those periods and .recording the : time with a stop watch. In order., 
to determine the position at which the witnesses stated they saw the airv* 
planey they were .requested to stand, at the place at - which they were stand- 
ing when they saw it and indicate as best they could the point at which 
they .'had seen it. /Then; ^ttoough^the: use ; .of.;a transit, the inyeetigatare 
determined the direction of this point from the Witness and its angle 
above' the horizontal* '■'■'■ ;j 
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beginning of the "roaring noise" was 7 seconds. The point designated "by her : 
as the one at which she had seen the airplane just before she was momentarily 

i 

"blinded by lightning wag 3-l/?- degrees above the horizontal on a bearing of 
255 degrees magnetic^ 

Mr. Carroll McGaha testified that he and his son were standing in the 
yard of their home located about 4-1/4 miles southeast of the scene of the 
accident and approximately 4 miles to the right of the on course signal of 
the northwest leg of the Washington radio range when they observed an airplane 
pass over flying in a northwesterly direction. He stated that the airplane 
was proceeding normally at about the altitude at which he usually observed 
transport airplanes pass over flying in a northwesterly direction. His atten- 
tion was particularly attracted to the plane because it was proceeding direct- 
ly toward the dark storm clouds then in the vicinity of Short Hill. As the 
airplane approached the storm he saw a sharp "streak of lightning" which ap-* . 
peared u directly ahead" s&A "in line" with the pirplane and saw the airplane 
go "straight down". After starting down, the witness stated that the plane 
'"made a roar" which was distinctly heard by him and his son at the point where 
they were standing. After the roar had stopped, he heard a "rumble", of thunder* 
He then ran to the back of his farm, thinking that the airplane had crashed 
there . 

Investigators for 'the Board again questioned Mr. McGaha at his home .some 
time after the hearing and he explained in more detail his observation of the 
action of the airplane immediately- following the lightning 'flash. He stated 
that the airplane seemed to go straight down until it passed from his view be- 
hind corn growing on a knoll located' between the point where he was standing 
and thpt at which the airplane struck' the ground. He said that he could see 
the flat surfaces of the wings and the tail of the airplane above them. In. 
answer to questions asked by the investigators he also stated that the sun had 
been shining at his. place late in the morning of the day of the accident, but 
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that a little after 2sOO or 2S15 p.m. black clouds gathered in the northwes 
heavy rain appeared to "be falling there, and the sky overhead became overca 
to a point just east of his home. Although the rain storm approached withi 
l/4 mile, the witness stated that there was no rainfall at his house that 
afternoon. 

Questions were also asked of the witness as to the flight path of the 
airplane he had seen. The point at which he said he first observed it was 
most directly west of him (280 degrees magnetic) and at an angle above the 
horizontal of approximately 80 degrees* 'She point indicated by the witness 
as that reached by the airplane at the time of the lightning flash was at ai 
angle of about 11 degrees above the horizontal on a bearing of 316 degrees 
magnetic and the point at which it passed from view was found to be approxi- 
mately 4 degrees above tl$ horizontal. 

Mr. McOaha' s son, Warren McG-aha, corroborated the testimony of his 
father. Like his -father, he stated that he ofter. saw airplanes fly over ai 

■ X "■■■ ' 

that this one was at just about the same altitude as^such airplanes usually 
flew. He also testified to seeing the flash of lightning just ahead of the 

.airplane and stated that it immediately "went right straight, down". 

;.■."■.-.■'. At the time the investigators were questioning Mr. McG-aha at his home, 
two large twin-motored airplanes similar to the one involved in the accident 
passed over, proceeding in a northwesterly direction, one at an altitude hig 
er than the other. Both Mr. McGaha and his son were asked as to whether eit 
of these airplanes was at the approximate altitude of the one concerning whi 
they had testified. They stated that the lower one appeared to be about at 
that altitude. Subsequent inquiry revealed that one of these airplanes was - 
Army 3-18 bomber which had left Boiling Pie Id, Washington, D. C, at 4.S55 p.ni 
enroute to Patterson Pield, Eayton:, Ohio, and the other was Pennsylvania- 
Central Airlines Irip 7-1 which had departed Washington for Pittsburgh at ; 

4?S9 p»ffl. tfpon inquiry the Army pilot stated, that .he Waa ^eruis4ng : -at\a^0U;t:i 
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6000 feet altitude at the time of passing in the vicinity of lovettsville and 
the. Pennsylvania- ^Central Airlines' pilot said thr.t he had just about reached 
his cruising altitude of D000 feet when he reached that area. 

Mrs. Fannie Ridgeway testified that at about 2J30 on the afternoon of 
August 31 5 1940, she was sitting on the porch of her home which is approxi- 
mately 3-3/4 miles southeast of the scene of the accident and saw an airplane 
fly over, headed in a northwesterly direction toward heavy storm clouds gather- 
ed over Short Hill. These clouds obscured her view of Short Hill. She was 
looking toward the south when she saw the airplane. She paid little attention 
to it since, as compared with other airplanes whiqh she had seen pass over, 
there was nothing unusual in its operation either as to the sound of the 
motors or the altitude at which it was flying. Mrs. Ridgeway testified that 
after seeing the plane pass over she re-entered the house and a few minutes 
thereafter heard a "roaring noise". However, she was unable positively to 
identify this noise, describing it only by the statement that it sounded like 
a "truck going down the pike". She stated that while she saw no lightning, 
she did hear thunder*. 

Investigators for the Board again questioned Mrs. Ridgeway at her home 
subsequent to the hearing as to the weather on the day of the accident. She 
stated that the sun had been shining at her home all morning and that it had 
been very warm with very little wind blowing. At about 1:00 p.m. she observed 
a dark cloud in the southwest in the vicinity of Short Hill and it appeared to 
be raining in that direction. The point at which she said she saw the air- 
plane was at an angle of 37 degrees above the horizontal on a bearing of 201 
degrees magnetic. 

Mrs. Mattie Hickman testified that she was standing in the yard of her : 
home, which is located about S-l/2 miles southeast of the scene of the accident, 
when her attention was directed to an airplane which was flying much lower than 
such airplanes usually flew near her home. She stated that the plane was going 
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northwest toward Short Hill which at that time was covered by a £*** ***** 
cloud. Shortly thereafter she went to the house and while inside, s&* ^^V 
an unusual noise. She was unable to identify the noise precisely, statist tfc 
it- n sounded like an old truck". The witness testified that about XO 9* 15* : 
minutes after the airplane passed over, an unusually heavy rainstorm l»gB3 k 
that there was not audi wind and she heard only one clap of thunder* 

Subsequent to the hearing, the Board's investigators again questioned : ; 
Mrs. Hickman and in the manner described in Footnote 7 assisted fafiJT i& esti* 
ing the elapsed time between the various events recounted in her testimony. 
According to her statement she saw the airplane, saw lightning, h***trd t&&8Sde : ; 
and then this unusual noise. The time recorded was 50 seconds bet%»e3* 4be 
sight of the airplane and the lightning, 4 seconds between the li^HtoiBjg ais£; 
the thunder, and 12 seconds between the thunder and the unusual noise* 



point at which Mrs. Hickman said she saw the airplane was at an a&g£Le , -«f «5S -1 
degrees above the horizontal on a bearing of SOI degrees magnetic* ■;.-;>■ 

H. 0. Vincell testified that he was sitting on the front porxsfcs. ©IT. fcjtft.if.-. 
which -is located about 3-1 J2 miles southeast of the scene of the aocidte&V^ 
his attention was drawn to a large airplane flying "a little lower tllaii.sSdR' 
He stated that he watched the airplane proceed toward Short Hill *&lc& $SK'*T 
obscured by a dark storm cloud until it tt disappeared into a fog". . -'flhftrfijE.^'. 
thereafter he saw a "pretty sharp" stroke of lightning, heard iimn^»r t . msm_§ 
a ^devil of a noise" which he later described as a crash. Thiflki*|g *fca£^^: 
airplane, was going to fall on. his house, Mr. Vincell ran out into t|a£^§SjiiJf 
Testifying with respect to the weather at this time, he stated %hm%. it " wa» S " 
pvercastat his home with a dark cloud hanging over Short Hill, Tb* : B4&^ ; - 
V white- with fog" ^ Mr. .Vincell stated thf-t a heavy rain started about ftt»-«{." 
ten miimtes after he saw the airplane. 
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After the hearing, the .Board's Investigators again questioned 
Mr. Vincell and he stated that the airplane was silver and very bright* 
S» said that he could see the landing wheels extended below the airplane 
and the windows of the cabin and that the sound of the airplane as it 
passed over was smooth and not very loud, with no drumming* 

Mr. Charles Bailey testified that he was standing near his home which 
is located on the west side of Short Hill about one-half mile from its 
base (the scene of the accident is on the east side of Short Hill, 3-1/2 
miles east of Mr. Bailey's home) when be saw what he described as a 
three-motored airplane cross over Short Hill at a low altitude going west 
and make a sharp left turn back east. He stated that he could see the 
landing wheels of the airplane and noticed particularly the revolving 
propeller in the nose motor* j Shortly after seeing this airplane turn 
back over the mountain, he heard a loud roar of ssotore and a craeh* He 
testified that at the time he saw this airplane a stoarsi was ajsproaohing 
from the west. 

Mrs. Lydia Jacobs, who live© about 390 yards west of the scene of 
the accident, testified that she was sitting in her home at approximately 
2150: on the afternoon of August 31 1 1940, when she saw a B flash of 
lightning 1 ', heard a "hard ei-ap of thunder' 1 , and then heard a noise which 
she described as a "siren 8 or "scream 9 . She then went to the door look- 
ing out in the direction from which the noise came and saw what looked 
like fl a fire in the sky " or a, "a, streak of fire" or*a burnt up building 
floating through the a^ looking 1 '* 

Then an explosion occurred which Jarred her almost off'- her feet. She 
testified that the object went through the air from southeast to northwest 
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s 1 anting downv.«d- At the time this occurred s lie stated that it was 
raining harder than she had ever seen It 1 rain "before. 

Accident investigators for the Board again questioned Mrs. Jacobs 
after the hearing and she stated that it had "been overcast all day in ^i^ 
vicinity of her home and some rain had fallen itt the morning. The in— ■■ 
vesti gators also attempted to assist Mrs. Jacobs in estimating the -time 
which, elapsed between the flash of lightning and the crash "by having 
M*6» Jacobs retrace her movements between those two events, fhe time 
recorded was 10 seconds. 

Her son, Garland Jacobs t testified that during this torrential rain- 
storm he was sitting in his car near their home and saw a "hard streak 
of lightning'^ heard thunder, ana than a Ipud roar of motors "like *be w 
plane was taking a nose dive". He thought that the roar of motors coin 
tinned vtfbr as much as 30 seconds. .He looked\ln the direction from, wlii eh 

""■■-.-■■-■-■. S 

:tnfe &onnd came Justin time to see a streak of\ fire slanting dowawa^dc^ : 
toward the spot at which the airplane crashed, fe h^ard the crasb. an& 

aae^iosioh. 

- Mrs. Viola Thomson, who lives about 400 yards west of the scene of 

tne aceid^t, testified that she was in the kitchen of her home watching 
tne rain, which she described as being the hardest that she had B een in 
;^ral years, when she feard a "terrible roaring" which sounded as if 
■^^■^■aa^-W home, She recognised the sounds that of an el *, 
^^^^■ihat it would hit her: house, ran upstairs and looted 
out Of .the window.. She testified that she heard the crash and a lo^ V -' 
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explosion, and saw an accompanying "blaze* She saw what she describ- 
ed as "balls of fire" rolling across the alfalfa and corn fields 
directly ahead of the point at which the airplane crashed. 

Following the procedure previously described, investigators far 
the Board, who called upon Mrs. (Thompson after the hearing, recorded 
the length of the period during which she said she heard the roaring 
noise and the crash and saw the "halls of fire" afe 19 seconds. 

Mr. Eichard Thompson, the husband of Mrs. Viola Thompson, stated 
that he was standing in the kitchen of their home when he was startled 
by an "awful racfeet, the motor running just about as fast as X thought 
it could run". He said that he saw the airplane passing by the house 
and immediately heard the crash. Both he and Mrs. Thompson testified 
that they had not seen any lightning or heard thunder inuaediateiy 
preceding the crash, Mr. Thompson subsequently stated to investi- 
gators of the Board that he had seen no fire around the airplane 

8/ 
prior to the crash. 

The testimony of these witnesses is conflicting in some instances 
but it is set out here without comment. It will be discussed in 
tart III of this report. 



8/ The testimony of other witnesses from the iovettsville area will 
be set out under the section entitled "Weather Observations 8 . 
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Location cf the Tvreckage 
Aircraft, Engines, and Eq uipment 

. Investigation oon ducted at the scene of the accident revealed that the : 
airplane liad struck the ground on the edge of an alfalfa field in a no^e-down :■ 
attitude. The character of the impression made in the soft ground and the ;j 
fact that the corn standing about eight feet high and about twelve feet behind 
the point of impact -was not affected by the passage of the airplane, indicated! 
that the angle at -which the airplane struck T.-as between twenty and forty de- | 
grees to the horizontal. The impression made in the grourd'and the condition 3 
of the left wing showed that that wing was slightly lower than the other. '\ 

The form of the impression and the distribution of the -wreckage also indi- '1 
cated that the heading of the airplane at the tune of impact was approximately] 
310 degrees magnetic, the course on which it would normally be flown at that 
point on the airway between Viashington and Pittsburgh". This conclusion is 
further supported by the fact that the directional gyro when f ound vras jammed 
at a heading of 310 'degrees* 

The wreckage, was thrown forward and scattered thickly over a distance 
of approximately 1000 feet, with isolated pieces even further. Kb parts 
of the airplane structure or power plants were found behind the point of 
irapacW The fuselage, except for the extreme rear portion, was disintegrated, 
and the area forward of the point of impact was showered with pieces of ■ 
various sizes and shapes. 



27 ^^SStt^tt^^z™" ***» 
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The engines and nose portion of the fuselage plowed into the ground to / 
a depth of approximately six feet. The nose section of the right engine, 
propeller hub , and one blade of the propeller, still attached to the hub, and 
the nose section of the left engine, propeller hub, and -two blades of the 
propeller, broken off at the shank, remained in the hole. 
; The right and left landing t/heels and landing gear were 'about 50 feet 
beyond the point of impact. The left elevator and part of the left stabilizer 
■trere about 150 feet forward, of the point of impact and about 30 degrees to the 
left. The right stabilizer, right elevator, fin, rudder, a portion of the left 
stabilizer, and the extreme .rearward portion of the fuselage to which they were 
still attached, v/ere about 150 feet directly ahead of the point where the 
airplane first struck the ground. 

The' 'power, section of the right engine with some cylinders and pistons 
broken off iras about 300 feet-' forward 2nd slightly to the. right of the direc- 
tion of -flight at the time of impact. The power section of the left engine 
was about 325 feot for^mrd and slightly to the left of the point of impact. 
Portions of the rear sections and accessories of both engines were strevm 
along, t ho way* . 

The left -sing ims about 350 feet forward' and slightly to the left of 
the point of impact. The right mng was about 300 feet forward and slightly 
to. the; right of the point of- impact. Other parts of the aircraft structure 
were found near both mms. ■ Comparatively large portions of the f onTard 
part ; of the passenger cabin were about 4.50 feet 'forward of the point of impact.. 
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Eieces oi .Xuel tanks, nmorous parts of the aircraft skin and structure, 
and parts of the flaps varc strerai for a distance of approximately looc fee 
from the point of impact. The major portion of the left aileron, the tip,; 
which iias detached, was about 26G feet forward and slightly to the left of 
the point of impact. All seats in the cabin and pilots' conparteont uora 
■scattered over, a distance of about WO feet forward of the point of inpaot. 
One. blade from the right propeller, Tfhich had broken off at the shark s 
nag approximately 150: feet forward of the point of impact. Another blade 
: from the sane propeller was approximately 250 fact forvrard, vhilc the rcmi 
. iBp- blade. from the left propeller. ".'as for. sard about 1800 foot and 35 degree 
to the left of the lino of flight. 

1'he radio transmitter, receivers, and the. aixtcnha systems vore scatie-! 
over a distance of about 500 feet forward of .the point of iapact. 
Contents 'of Aircraft ■■■ ■ 

Almost all of. the contents of the aircraft T'-jre sftrcvm forrard of tlie 
point of impact. Horrovor, a. number of pieces of ' paper believed to have to: 
■In the plane nere found: to the .south- rest, south, and southeast of the eras? 
A threshing erer/ of ten men mre in a barn about 1-1/4. miles southeast of i 
scene of the accident waiting for the rain- to : stop vhen thoy hoard a loud . 
of motors and, according to-.soae/of tbes, a crash. Shortly thereafter the; 
saw a piece of .paper cone fluttering dorm and one of. thorn retrieved it. ? 
v/as found to be a manilaanvciopo idtb the mne / "Itosylvania-Contral Airl 
printed or it., it ,ras burned around the edges. The time interval cstifi* 
by the stresses: batmen the, cra s b and th« appearanco;of the envelope ^ 
ftom 2 to 30 ™tes but eost of them beloved it \ to have tear less than? 



minutes i 
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Another piece of paper, also burned around the edges, was found 
In a cornfield located a little less than a mile southeast of the scene 
of the accident. The piece is about 3 inches wide and 5 inches long* 
One of the Pennsylvania- Central Airlines flight calculators furnished for 
the convenience of the passengers was found in a stubble field about 7/8 
of a mile southeast of the point of impact. This flight calculator, which 
weighs .11 of an ounce, is composed of two circular pieces of light card- 
board, one about 1-1/2 and the other about 3~l/2 inches in diameter, held 
together \y a pin through their centers. It was badly soiled but not 
burned. Two Pennsylvania- Central Airlines passenger manifest forms were 
found about 3/8 of a mile almost due south of the point of impact. These 
forms are 13 inches long by 8 inches .wide, and when f ound were folded 
once and were burned around the edges. Two other passenger manifest forms 
were picked up nearby/,. These were folded twice and burned around the 
edges. 

A light piece of cardboard, approximately 11 inches in length by h 
inches in width, was found about l/8 mile southeast of the point of impact. 
It was identified as Pennsylvania-Central Airlines Form No. 2I4.8, with the 
words "Sorry, this seat is occupied" printed thereon. This paper was 
burned around the edges. 

A number of pieces of paper, all identified as coming from the wreckage, 
were found about 300 yards southeast of the point of impact. Somo of these 
picees of paper showed indications of fire, while others showed none. 

The bodies of the passengers and crew were all found forward of the 
point of impact beginning at a distance of about 250 feet and extending 
16733 
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to about 1240 feet. Severe 1 timepieces, including a number of matches and 
one-alarm clock, were found among the wreckage. They wore all badly dam- 
aged, and only three -wore in such condition as to show the time at which 
they had stopped. One of these had stopped at 2:39, one at 2:1|0 and the 
other at 2:k2, 

Condition of the Wreckage 
Aircraft Structure and Controls 

Following the inspection of the wreckage at the scene of the accident, 
the reraairiB of the airplane structure were moved to the Washington-Hoover' 
Airport where a more complete inspect ion of all parts was made. All isiajor 
component parts of the airplane were accounted for but because of the large 
area over which numerous smell pieces of the wreckage wore scattered, it wa 
impossible, under the circumstances, to prevent souvenir hunters from earry 
; ing sore of the smaller fragments away. A mukbcr.'Qf bprocfc's;;aoctEkon v*..};-.. J i 
.were subsequently recovered. 

The right and left landing wheels and landing gear wore in a badly 
broken condition, both tires had been blown out hy impact, end the right . 
tire was partially burned. 

Tae left clove tor and the rear portion of the left stabilizer were ha* 
damaged and a small' portion of the fabric on the elevator was burned just 
forward of the cantor hinge. The forward portion of the left stabilizer, : 
right stabilizer, vertical fin, rudder, and the extreme rear portion of th 
fuselage were still attached. The stabilizers and vertical, fin had appare 
ly been damaged by contact with the ground following impact. These parts' 
had been thrown forward about 200 feet from the point of impact. The r add 
showed very little damage except that part of the fabric had been burnqd'ln 
The triu tabs on the elevators were in cruise position, talcing into eons-ii 
ation the distribution, of the load carried on the airplane, : -: 
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The left wing was badly damaged. It was broken in several places and ^ : 
the tip was detached. The main portion of the right wing was intact but 
badly damaged and the tip of this wing was also detached. The left aileron 
was broken in two and otherwise badly damaged. 

The upholstering on some of the seats and on the forward portion of the 
passenger cabin had "been partially burned. Some of the seat belts were 
broken in two, others had pulled loose at their attachment fittings, and 
others were still attached to pieces of the seat structure. 

Although the fire extinguishers in the engine nacelles and passenger 
cabin were badly damaged, it \vas possible to determine with certainty that 
they had not been used. 

A complete inspection of the remains of the control system showed the 
control columns and rudder pedals in the cockpit to have been badly broken 
and damaged, and in tracing out the controls, many breaks were found. 5?he : 
throttle and propeller pitch controls were found in full forward position 
and bent over the control column. The ignition switches and fuel valves were 
found in the "on" position.. Other switches, valves, and controls were so 
damaged as to make it impossible to determine their position at the tine of 
impact,- 

The instruments which were, located were, with the exception of the 
gyroscopic compass,, damaged to such an ex tent that no readings could be 
taken. The front of . this- instrument had been dented so as to hold the com- 
pass card in a fixed position. The heading indicated 'was 310 degrees. 

Such glass as was found, both cockpit and cabin, had been broken into 
Small bits. A great many small pieces which were found immediately ahead of 
the point of impact were identified as having come from both the windshield 
and cabin windows. Some glass was also found from 300 to 400 feet forward 
of the point of impact. 
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Engines 

The engines v.'ere badly damaged and broken. The entire nose section 
of the right engine, including the reduction drive gear, cam., propeller" 
shaft, and pinions had been sheared off and were in one group. The forward 
end of the crankshaft was broken off just in front of the reduction drive 
gear lock nut. The bolts holding the stationary gear to the front section 
were sheared off» permitting the stationary gear to revolve. The reduction 
gear drive splines were damaged' when the reduction gear came off. All cy- 
linders were damaged and a number of the heads broken off. ; 

The : rear section v;as broken away from the power case and all parts ?ier< 
badly damaged. The supercharger was broken off adjacent to the cap screvrs 
which held it to the main section. The power section of the crank case 
'(steel) was badly distorted. The master rod assembly and the internal por- 
tions of the crankshaft, together -with the articulating rods, were intact 
although badly bent, The kelnet material in the master rod bearing was ' in 
-good ebndi tion. However, the lead plating on the master rod bearing shell 
'showed indications of heat. The master rod bearing shell was loose in the 
rod, but there ms no indication of galling. The end seal disc was battere 
and- a considerable quantity of lead from the master rod bearings had re- 
deposited itself on the face of the seal disc' The end seal spacer was v^r 
badly damaged by the forces resulting from the sudden ' stoppage of the pro~ 
peller. Knuckle pins Nos. 2, 5, 6, 7 and 8 were discolored near the oil 
■fia'ts. The crankshaft main bearing journal showed signs of overheating' on 
the inner side of the crank throw. This indication of overheating covered 
entire length of the bearing surface over an area' approximately 18C degree; 
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around the shaft. The sui erchargerimpeller v;as badly damaged and practically 
all of the bledes had. been broken 'off. The thrust bearing v-'&s hadly broken, 
apparently due to impact. 

The condition of the left- engine ims very similar to that of the right 
engine. In fact, the condition of the master rod bearings, the crankshafts, 
knuckle pins, impellers, and gears from the two engines were so nearly iden- 
tical that it would be almost impossible to distinguish between them. 

Both engines showed metal to metal contact between the master rod bear- 
ings and the crank pins, the oil film usually separating them apparently 
having broken down. The National Bureau of Standards, after examination of 
the engine parts sent to it, reported that no evidence of mechanical, strue- . 
tural, or fatigue failure or lightning strike prior to impact had been found. 



Propellers 

Upon disassembly of the right propeller it -was found that the dome section 
was not badly damaged, except that the breather cap had been broken off. 
The piston and rotating cam assembly. -was intact and not badly .broken. The 
gear segments of all three blades had been split at a. point nsar the lith, 
5th, and 6th teeth from the .lo-w pitch end. The condition of the bevel blade 
races indicated that heavy loads had ^een applied. Several of the rollers 
still remaining in the retainers were split.. Cracks T.'ere apparent in the 
mi carta barrel blocks at the shoulders. The blade, butts from which the two- . : 
blades had been, broken off v;ero intact at the. hub. 'These two blades had also . ;■ 
been fractured near the tips, apparently by .'impact. The one blade remaining 
wi th 'the. hub ■■■was not fractured but shov-ed indications Of poi"er bends. 
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The dome of the left propeller had an impression in it about six inches 
in. diameter, apparently caused by impact. All three blades of this propellei 
had been broken off close to the shank. Two blades had the tips torn off* 
and were otherwise, badly bent and twisted. The third blade v&s located some 
1800 feet from the point of impac t • and , while it was intact, it was qui to 
badly twisted in the form which would indicate a pover bend. The gear seg- 
ments on all . three blades of ths loft propeller v:ere split in the same way s 
those on the right. The rotating cams on both propellers had stopped in a 
position T.'hich v;ould indicate a pitch angle of the blades of about 2i| degree 

The National Bureau of Standards examined the propeller parts and re- 
ported that there vj&s no evidence of mechanical, structural or fatigue falls 
or lightning strike prior to. impact. 

Radio Equipment 

All radio equipment, including receivers, transmitter, accessories, ant 
antennae .systems, Tas badly damaged. Careful inspection failed to reveal a: 
arcing or burning effect which might be expected from a lightning strike . 
.. Jho: anti-static discharge cartridge had not been discharged'. The an ti- 8 tat! 

loop f-ntenna tjis adjusted in the anti-static position (parallel with the fui 

10/ 
lage). The' loop tuning dial v:t.s tuned to the Richmond radio range — . -Minn' 

inspection of all v'iring did not indicate any burning or fusing. Only one ; 

the pilots 1 radio headbands was found and it was badly twisted. Hone of th 

radio earphones was found. These parts, composed, of hard rubber, may ha tec 

completely disintegrated at the 'time; of impact. 



3 0/ Th--" -;vi donee, showed that a company mechanic at .Washington had tuned it 
to tl.i s position, prior to departure. 
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^leather Observations 

As rra have stated previously, the ueather forecast predicted overca.st 
to occasionally broken clouds from the mountains eastward vith scattered 
showers through the mountains and sone nild thunder storms to the east of 
tho mountains. 

In addition to the Lovcttsvilia -fitnesses., whose testimony has been set 
out previously, a number of other T/itnesses testified -it the hearing, or 
gave statements after tho hearing, v/ith respect to the actual voathcr con- 
ditions existing on August 31, 1940, in the vicinity of the accident. The 
testimony of the residents in the vicinity of Lovcttsville presents a consis- 
tent picture of the weather conditions in that area at tho time of tho crash, 
as observed from the ground. A rain storm was passing over Short Hill, v, r hich 
several described as extraordinary in its intensity. 

A number of those witnesses stated ■ that /while they had not noticed much light- 
ning in connection roth the storm, they recalled a violent flash of lightning 
and the sound of thunder which was' immediately followed by an extraordinarily 
loud roar of motors. Some of these -.fitnesses in the immediate vicinity of the 
point of impact testified that the loud roar of motors was followed by a 
"crash" or "blast". 

Mr. I. ¥. Baker, -who lives about 3-1/4 miles almost duo south of the scene 
of the accident watched the storm T.ath "rolling .and tumbling" clouds come 
across Short Hill. Shortly thereafter it began to rain and then ho saw a 
"terrific strike of lightning vith a very loud explosion like thunder" . One ■ 
minute and twenty seconds later he heard a "terrific racing of engines like 
something had dropped from the sky". Ho computed the elapsed time between 
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the lightning flash and the sound of tho engines by retracing the movements 
he had made during that period. He later found that this stroke of lightnin 
had struck and damaged his barn and had shattered the butt of a rifle which 
had been standing inside tho barn. 

After the hearing, investigators for the Board questioned Harry E. 
Everhart who lives about 1-1/2 miles southeast of the scene of the accident. 
He stated that at about 1:30 P.M* he noticed' a dark cloud on the west side 
of Short Hill coming toward the cast. At that time it was overcast over his 
home but to the east broken clouds appeared. At some time after 2:30 P.M... 
he asw a "fierce flash of lightning" fo Honed immediately by a "fairly loud 
clap of thunder" and then ho hoard " a roaring of engines" which was so 
loud that it sounded as if it wore over his house. By retracing the movement 
he had made vrhile these events were occurring, he determined that the time 
which elapsed while he saw the flash of lightning, heard the thunder, and tls 
roaring of engines was about 15 seconds. 

Miss Virgie Mentzer, who lives almost 1—1/4 miles southeast of tho 
scone of the accident, stated that a torrential rainstorm began near her 
home, about 2:30 P*M. on. the afternoon of August 31. She said that a short 
time after the rain began she saw a "blinding flash of lightning 1 * and 
. ijBtaediately thereafter hoard a "terrible crash" which "shook the house". 
George Pendley, a boy who v/as working for J'fiss hentzcr on the day of the ; 
accident , corroborated her ■ statement with respect to the lightning flash '. 
and the crash. In addition/ ho stated that he was standing with his handst:| 
on the. zinc top of a table in the. kitchen when "the lightning. caiac in the ; 
kitchen" arid "stung me three times . before I could get them off the table"*; 
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Mrs. Leila Shoemaker, -whose homo is located on the oust side and- right 
.at the base of Short Hill about l/h mile v:ost of, and somewhat above, the 
scene of the accident/ stated that a torrcnti&l downpour began about 2 o'clock 
in the afternoon of August 31 . She- saw some lightning and heard some thunder 
during the rain storm and she said that about 2jli5 P* 171 * s^ hoard -a strange 
noise, so loud that sha put h?r hands .over her ears. Hie sound r.-as over in 
less "than a minute. She stated that just after she heard this sound the v/ind 
was blowing "fairly strong" in an easterly dirscti'on from the mountain. She 

noticed tho 'tro stops T*3re bonding over. 

The record contains statements by several pilots vfho i/Cro flying tho 
Washington-Pittsburgh aireay near the scene of the uccidont vithin a few 
minutes of the tine it occurred. -Two of these pilots v.-ero Operating. 
Pennsylvania-Central Airlines Trips 8 and .8-1, the former reaching a point 
about 10 miles south of the scene of . the accident at approximately 2:35 P-"m*> 
and the latter at approximately 2:^0 p.m. Both of these ; dlots s.tatsd that. . 
■with the exception of about fe'o or three minutes of instrument flying shortly 
after loading .Pittsburgh they flex™ by visual reference to tho ground approxi- 
mately as far as Charles Tovn, West Virginia. As they approached Charles Toivn 
they saw a cloud formation v:hich : extended several thousand feet above the 
altitude at which they i-oro flying. They were descending at this point and 
entered tho cloud- formation at 6000 foot, Trip 8 breaking out under the 
overcast at 3000 feet about five miles ivsst of L^sburg, Virginia, and trip 
8-1 breaking out at 3000 foot about three miles sputhv-ost of Lsesburg. ifnon 
they broke out Trip 8 '. ; *as about 10 miles south of the scene of the accident,, 
and Trip 8-1 V&-S about ll± miles southeast. Both stated thtt they encountered 
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heavy rain .while in tho.pVircast. ■ Vtfiile* Trip 8-1 experienced no turbulence, 4 
Trip. 8 reported ."slight choppiness" just &s ho broka out of the overcast. 
There vas no ■ prse ipitation after breaking through the clouds vast of. Loosburg,; 

An American Airlines pilot, operating betvoon Cincinnati end Washington^ ■! 
follovrcd thb seme do standing, course at about the same altitudes, passing a 
point tbout 10 mils s south of the seen.: of the accident at approximately 
2:10 p.m-. Ho reported light rain, light turbulence, but no indication of 
lightning. ... . 

An Array airplane on route from bright Field, Dayton, Ohio, to Boiling : 
Field, Washington, t>. C, passed about 12 milos south of the sc -mo of tb.3 
accident about 2:35 -P.m. The pilot reported that after passing the south 
log of the Buck stoY:n, Pennsylvania, radio rango flying at 5000 feet abovo 
S.3U: iyvol on instruments,, hoavy rain and oxtraordinarily rough air conditions 
.wer^.-oncountprod. This condition continued until-ha/pmergod; from the over.*-/, i 
..OfiStat an altitude of 150O. feet about five milos oast of Leesburg,. Virginia,- 
*nd 15": milos southeast of the scone of rth-3 accident. He stated that he : sav? 
■ lightning, to "the. north rhil.o passing the Lovettsvi lie area.. 

Hight; rjpo.rts.by other pilots vhdeh Y/ore recaived in ovidonee sorvo to 
indica.tov^Dth^r conditions in th3 general area south and, sou thp'ost of 
LovettsTalle on the aft 3Kabon ; of August ^l.i A pilot flying a Luscombo air- 
piano, .departed: Ta/shington-Hooyei* Airport :at about 12:09 p.m. on August 31, 
; on. route to hos Angeles, California,, rath Pittsburgh as his first intended 
;into;mgdiatp ; .stop. This airplane :^ iS ^11 m&tal, '.singlo-enginod, ;..nd o£ 
na.^u.rai,,aiu3iiinu% - color vdth ; a red stripa; alpsr : thi, fuselaro and around tho 
hose.. ..Tho flight ^'.as- to be made sololyby visual reference- to the ground 



_ - 31 - 

and not by instrument navigation. Ho statod that ho oncountorod an overcast 
condition, with about a 1500-foot ceiling in the vicinity of Lov.3ttsvi.llo, 
¥irginia, and could soe a woll-dofinod front of a thunderstorm in th« 
mountains to the vest. Ho vas unabl-o to soo th 3 nor thorn limits of tho 
thunderstorm area but ho estimated that it extended 1 bout 5^ miles to tho 
south of him. Ha. attempted to skirt the stora area by going north but 
finally was forced to land noar Middlctovm,, Maryland, at ibout 12:^h p.m. due 
to Iotj coiling and poor visibility. a Ho : - took .of f again f-t Is 22 .>..m. and re- 
turnod to Washington, arriving at about 2:05 p.m. Hals pilot again departed 
Washington-Hoover Airport at 3«21 p.m. (EST), d.: stated that ho oncountorod 
a sovere storm in tho vicinity of Loosburg,' Virginia, and flew under the 
clouds to tho vicinity of Hillsboro, Virgini: , i/horo contact flight became 
impossible and ho vas forced to return to '•.•. shington, landing the second . 
timo i.t k'.22 p.m. (ESJ 1 ). 

Aporoximutoly thro;- hours xivi or to th „• accident, ?.n Army B-18 bombing 
piano, vhen approximately 25 or JO minutes outside of T.l-shington en route to 
Pittsburgh, oncountorod turbul vnee at 10, COO foot above s.;a level which the 
pilot described as exceptional in his expert one? . L; ghtning va s oncountorod 
in close proximity of tho plane. At ; pproyim' toly lsl-5 o.m., aftor lending 
at the Pittsburgh Airport, tho pilot r ;portod this e-xporionc-o o:a the flight 
from v/ushing ton to tho clerk on duty at the- Air Corps. Operations Office at 
Pittsburgh. '".'■- 

An Army pilot clopt-r toe' Boiling Raid .. t 2:55 ?»^., August ;i , on route 
to hright Field, Dayton, Ohio. Thy flight procoocU-cl on the Yas)ur;gton- 
Pittsburgh cirvtiy to a point aporoxir,:. t.;ly fe-iiv; miles northv.esf of 
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Washington, ut v.hich time the pilot cltorod his heading r.nd took a direct 
course to Dayton. At t.bout J:15 y-m. , this flight passed somo twenty miles 
south of the scene of the cccidont tjid the pilot sti.ted tlu.t he mrdnti.inod 
contact irith the exception of c short period of instrument flying, curing 
v/hich there w,.s •■. very hos.vy downpour of rt.in, slight turbulence, end no 
lightning. 

III. 
ANALYSIS OF FACTS - DISCUSSION 02 POSSIBLE CA USES 

In the preceding section of this re-port we have set out a summary of the. . 
evidence discltsed "by the investigation. From the facts previously discussed, 
it appears that the flight cf Trip 19 proceeded normally until 2:31 p.m. when : 
it reached the Herndon fan-marker at 4000 feet, climbing. We also know that : 
the crash occurred approximately 25 miles northwest of the Herndon fan-marker; 
about ten minutes later. In searching for the probable cause of this accident 
it i« necessary to analyze all of the facts in an effort to discover what 

.event or combination of events occurred during that ten-rrunute interval which- ; 
resulted, in the crash of'jfihe airplane. 

In seeking to determine the course of events that led to this accident, : 
in the absence of any direct testimony from any actual observer en board the . ■ 
aircraft and isiview of the circumstantial evidence ef record, we are obliged 
to look for the extraordinary, and to sxamii^e into the possibility and prnba- '■;: 
bility of occurrences that are so rare in practical operating experience as 

.-to be -highly obscure, if not virtually unknown. Nothing within the ordinary 
range of experience, and no combination of events of which the occurrence ■' } 
could be regarded as at all likely, would have sufficed, to produce this .,..'■- 
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Occident. The past record of safety of air transportation' within the Unit 3d 
States, extending to over 130,000,000 miles of transport flying withoiitseri- ■ 
oils injury to any person in the 17-month period immediately preceding the pre- 
sent accident and to thirteen years of operation without fatal accident by 
Pennsylvania Central Airlines and its predecessors, is a sufficient evidence 
that only the highly exceptional or the hitherto unknown would produce SO 
tragic an effect. Since we are here necessarily dealing with occurrences of : 
extreme rarity and consequent unfaniliarity and in some instances are consider- 
ing phenomena of nature wherein the knowledge of man still remains extremely: 
limited, it is inevitable thet much of whst follows must appear highly specula- 
tive. However, the inherent difficulties presented "by the limited evidence 
available in the present case must, not deter us from a full exploration of 
every possibility and- an attempt to reach a conclusion as to what probably 
occurred to produce the accident. 

. : Dispatch of the flight 
Ho reason has been discovered for believing that Trip 19 should not have 
been dispatched on August 31, 1940. The airplane hpd received a "60-hour " in- 
spection at "Detroit the day before the flight and had received the required 
"turn-around" inspection in Washington just before taking off. and nothing un- 
usual had bean reported as a result of either of these inspections. The pilots 
who had brought the airplane down from Detroit : to Washington that morning had . 
not reported anything unusual in its operation. : It was adequately serviced '/ . '. 
with fuel and oil. The load on board p.t the tine of -take-off was 174 pounds; : ,: 
below the approved gross weight for the airoiane and, : according to the recor&>. ; :: : 
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-,the..: load' was properly distributed, the center .of gravity of the airplane be±3i| 
Well within approved lirdts. At . tho time- of tate-off there was a. conpany em-v 
.■ployed, riding in the jump seat in addition to the 21 passengers and crew of \ 
three. Under. existing regulations this is .permissible so long as the approved 
gross. weight of the airplane is not exceeded. . 
:■■'■'■,. ;■';■ .-The weather .information at the time of .take-off did not indicate that un- 
usual weather conditions would ho encountered. An overcast condition was re-;.- 
.ported over a portion of the route but this is not unusual in air carrier open 
feion.. The ■ captain and first officer were fully capable, by training and long; 
experience, of flying solely by the use of instruments. Inspection had shown. 
that t;he navigation instalments on "board ware in serviceable condition and 
monitoring reports showed thr.t the radio ranges along the course to be flown.- - 
Iwera ,. operating norraally. The flight was cleared by; the. Airway Traffic Contfolj 
■Center in Washington in accordance with applicable regulations. Mild thuad^ 
storms along the course were forecast hut such conditions are often encounter^ 
in this area .during the sunraer and are not regarded as a reason for cancelling 
flights. Innumerable; trips are- made with safety in a perfectly routine manner 
'through thunderstorm areas. Due to the local nature and varied character .of-: 
thunderstorms, the raanner of operating in such areas is left to the judgment- 
of the captain, 
.''.. Two flights of Pennsyivenia Central Airlines were dispatched from Pitts- 
burgh for Washington on the ss:ie weather forecast as Trip 19, and al though they 
passed within 10 miles of the scene of the accident within a few minutes of tiq 
time it occurred, they encountered no severe weather conditions. In addition, 

■a. flight of American Airlines passed 10 niles south of the sieane of the acci-. . 
dent at 2:10 p.m. end encountered no unusual weather conditions. 
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Local Weather Conditions 

'■ From the evidence it appears that. during tha- forenoon of August 31, 1940, 
there were broken clouds and scattered showers in the vicinity of Short Hill 
and lovettsville. Early in the afternoon this broken cloud condition changed 
to a solid overcast extending at least 4-1/2 miles east of the s cane: of the 

^accident. At about 12:30 p.m., heavy storm clouds were seen around Short Hill. 
It' vas impossible to reach a definite conclusion as to the length of this store 
area in- a northerly and southerly direction. The pilot of the Luscombe: who 
attempted to fly through this area to Pittsburgh at .about 12:30 p. m.: estimated 
that the storm extended about 50 miles south of Lovettsville and an unknown 
distance to the north. He attempted to skirt the stoma to the north and pro- 
ceeded in that direction. to a ;point -5. miles northwest of Myersville, Maryland,, 

■about SO miles north .of Lovett sville, without :reachiiig: .the northern lissits of . ;; 

. the.; sib M. area-; >.-. ■" .^-v\ -.■ 

-'/.'-'-.". 'One "person fib m. whom a- statement was taken after the hearing, stated that 
at about 2:25 p,m. on A^ust 31, 19.40, he^ was at Bluemont, Virginia^ -which is.;, 
about 15 .miles southwest of Lovettsville, and that the southern limit of the 

■ storm :area appeared to. be just south; of Eluemont. He said that the storm was 
proceeding slowly in a northepLiterly direction up the Shenandoah Valley and 
that he could see it extending f ar to the. -north. Upon the basis of the evi- 
dence available to us,, it appears that at about the: time the accident occurred, 
the southern, limit of the storm area was about 15: a iles southwest of Love tts- 
ville and that the northern li/jit was at least that -far and probably much 
farther to the north. ' "'-■":. 

At about 2 p. r:-.. on August ?1 , 1940, an extraordinarily heavy rain began 
to fall alon^ Short Hill. This rain gradually spread during the afternoon in "";'. 
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an easterly. direction until it covered, an area extending approximately 4 mi%eM 

.^ast- and; sputlie'ast-of the soene of the accident.. It is estimated-- that when : :£^ 

airplane arrived .'in this storm area, the rain had reached a point approximate eP 



11/ 
ly 1-^3/4 miles southeast of the scene of the accident. — ' This estimate was ; .-/. 

arrived at % a consideration of the testimony of Mr* Vincell and. a. statement'./ 

made by Mr. Earry E, Everhart. Mr. aver hart, who lives 1-1/2 miles southea^--: 

of the scene of the accident, stated that it was reining heavily at his pi^3i : 

at the time he heard the "roaring of engines", Mr. Vincell, who lives 2-1/2R:-;. 

miles southeast of the point of impact, said that it was not raininfl: at his ^'-~ 

place when he heard the crash, but that the heavy rain reached his home shortjjj 

thereafter.': ' : - : : 

It is impossible to roach any definite conclusion "as to the altitude of: |. 

the ceiling immedirtely to the cast .and southeast of the. storm area at.: the it^g 

the airplane reached that area*-'-' The two Pennsylvania Central M;rl±nes ..piliii;^ 

who. flew near the scene of tha accident .within: a' few moments of ■the:; time itf-i^ 

occurred stated, that the3 r entered an. overcast" near ^har,les : :Town,.r¥est ■¥i'r£ift^ : - 

and descended through it almost to loesburg before they broke out at 30Q0-f&et.j 

Other pilots flying further southland southeast of the scene of the. accidenfe:-K ; 

came out of the overcast at altitudes,. as low as 1500 .feet. ^On -the. other ./haiiSV 

Mr. McGaha stated that he saw the airplane flying through scud. at ; . an. alt itT^V 

which be later compared to - that -of ■a-similar type : airpdane -which was fly in^;.-St 

a known altitude of G000 feet, the testimony of the "airline and other : pilo^S^ 

flying farther south and southeast of the scene of the 'accident as .-$.<• the,'-; 
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: .ceiling encountered is not, however j necessarily incons i stent with Mr. McGeha's 
testimony, since under ths weather conditions prevailing on August 31, 1940, 
widely varying ceiling conditions could he anticipated within relatively small 
areas, ■ , ' 

. From the testimony of witnesses and from the physical evidence of clogged 
"brooks, newly-filled reservoirs, and washed-out roads,, it appears that the 
rainstorm was of really exceptional intensity, "both at the scene of the acci- 
dent, immediately west of Lovettsville, and for some distance to the north and 
south. It appears, in fact, to have "been the heaviest rainfall known in the 
Lovettsville area far a number of years. The store's electrical Characteris- 
tics, on the other hand, do not seen to have "been at all unusual. Many of the' 
witnesses, however, recalled particularly an extremely violent stroke of 
.lightning and clap of thunder iirjr.ediately preceding the roar of motors which 
they, associated with the accident; and other lightning fleshes were noted in 
. the ■neighborhood, but were not generally recalled as having teen particularly .. 
vivid. .'' 

...All of the witnesses in the vicinity of lovettsville, except Mrs. Leila ■'.'■■■ 
Shoemaker, testified that there was little or no wind on the ground during 
the storm. This testimony is corroborated "by the fact that the storm was \mov-- 
ing very slowly. : Mrs. Shoemaker testified that at the time the accident oc- 
curred the wind appeared.. to "be blowing frois the west... It is probable, since-:.. 
she lives on the. slope of Short Hill, that the air currents observed by her 
.were- currents within the storm, 

- ^?he testimony of the Lovettsville witnesses would indicate that the storm ■'.'. 
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was very severe arid of a typs which would produce turbulence in son* degr, 
The testimony of pilots flying in that vicinity durin: the afternoon, whid 
has previously "been referred to, is inconclusive in this respect. One of 
Pennsylvania Central Airlines pilots reported slight rowfaness as he cane 
of the overcast just west of Leeshurg, Neither experienced any turhulenci 
in the vicinity of Lovettsville. An American Airlines pilot who passed ii 
that vicinity ahout 2:10. p. is, reported only sliffct turbulence, hut an Ate; 
pilot who flew through the Lovettsville. area ahout 12 o'clock noon report* 
severe turbulence along the course, as did one the r Amy pilot who passed, 
14 miles south of the scene of the. accident at ahout 2:35 p.D. 

The exparience of pilots flying in "the vicinity cannot he relied upo; 
completely in arriving at a conclusion as to the presence of turbulence, 
Szperience shows that of two airplanes flying at the s&se. altitude at the. 
same tins, a very short distance apart, one aay encounter very severe ,tur 
lence while the other nay he operating in . .co^aratively stsooth air. Thttf 
'ore, it i B inpossihle for us to arrive at a definite conclusion that the 
pilot of Trip 19 was flying through conditions of severe turbulence Just 
prior to the crash. There i s , however, a Considerable likelihood that te 
doine so in view of the general trend of the reports of other pilots, the 
violence of the storm a8 observed on the ^und/aad^of the fraaueney Vit 
which turhulent conditions ere associated with thundsratoras.: ■' ' 
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Probable Plight Path Prior to Impact .■::.'::;.;::■ 

The pilot reported himself over the Herndon fan marker at 2:31 PiM, 

at an altitude of 4,000 feet and continuing to climb. The intended;: ,i- 

cruising altitude, as -shown "by the flight plan, was 6,000 feat. The time; : 

from the talce-off at Washington to passage over Kerndon $ss ^JheSs&Jfdt# ten. 

minutes. The distance from the airport to the Herndon fan marker is . 

19 miles. The average speed over the ground, assuming the correctness of 



the pilot' s report, 'was therefore 114 m.p.h. ; the. average .rate, of. climb,;. 
400 ft. per minute; figures that are reasonably consistent .with one 
another, assuming a light headwind as forecast, and assuming the i engine s 
to have been operated during the climb at the power output customary 
during that part of a flight. If the same airspeed, and rate of climb 
had been continued past Herndon (making a small allowance for the tine 
lost in : the; take--6ff before 'getting; into steady climbing flight, and 
assuming the increase of airspeed with altitude to be off set by- an equal 
increase in the: strength of the headwind) an altitude of 6,000 ft. would 
have been reached just before 2j36 P.M. , and at a distance: from Washington 
of approximately 28 miles. " Had the airplane, then leveled off at an alti- 
tude of : 6,000 ft. in; : accordance with the flight plan., and proceeded at 
its cruising. ;speed of 180 m..p;h. against a. 15-mile wind, it would have 
arrived over the scene of the accident,' 44 miles from the Washington air- 
port, at exactly 2:41 p.M. The reported time and altitude". at .Herndon, 
and continued adherence to flight .plan 'thereafter,, are therefore entirely 
consistent with the. apparent time, of the accident* The. time cf the ac- 
cident is, of coui'sc, not. known with such, accuracy as to permit depending 
on calculations of this sort to fix the flight path or airspeed with -a 7.: ;. 
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great degree of reflnenent. hut .»■*"»* they a W e,r to esclude the pe- 
elMlity that the aircraft had vnadered «ry far from it. cour.e, or thai 
« had proceeded to the far side ef Short Hill and then turned tae*. a, 

one witness believed. 

As there has been absolutely nothing aside fron the altitude esti- 
iaates given by some lay witnesses who in turn were contradicted by other 
pressed to have viewed the saue airplane at approxksately the sane tiae 
to suggest that the pilot was not proceeding ir, accordance with his flig 
plan, and as any change of plan in approaching a region where instrument 
^operation was anticipated would norBally be the subject of imaediate rep 
by radio, we conclude that the flight was proceeding nomally, that an 
altitude of 6,000 feet had been reached, and that no trouble had been ex 
perienced up to the time of reaching the \LovettBVille area. 

Seemingly the pilot elected to fly through the storm area rather th 
to Eals:e any attempt to; circle it. She stors extended for: a very .. conside 
-able distance north of the airplane' a path and for several ailes to the 
south, and presumably it appeared to the pilot as he examined the horizo 
that there would be no ^iin in passenger coafort or otherwise t>y any det 
of practicable extent, and no hazard in flying straight through* 

With the airplane presuoed to be on course, at an altitude of 6.0GO 
'-'feet,' approximately two Biles southeast of the scene of the accident at 
*, /approximately 2i40 P.M. » the analysis .oftte flight path concerns; the 
-bourse that, the airplane may -have taken fros- that paint to the final cos 
tact with the ground less than one minute thereafter* ftie east direct 
■ evidence on that natter is- that; of fe.vMcQaha and^Ma safv vto; raportei 
. haying seen^the: airplane go /into a dive-- immediately aftor- ■.tfc^«#*a*»fc 
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flash, and shortly after the machine had passed over their home, Mr. McGaha, in 
fact, was so sure of his own observation that he- had gone out of the house and 
.. •walked to a considerable distance to look for the wrecked airplane, which he 
thought night have struck the ground on his own land, proceeding from that ob- 
servation, it mist be concluded that the deviation froia the normal path started 
at least 1-3/4 miles short of the point of idpact, as It was approximately at y 
that distance that the heavy rainfall began, and rain as heavy as clearly "^ ^ 
existed at the tine and place of the accident would have made it impossible to 
see anything that the airplane might have dene after it had entered the storm. 
Mr. JfcGaha pointed out to an investigator for the Board the point at which, he 

had been standing when he saw the airplane and the angle above the ground at 

11a/ 

which he recalled it as having appeared to hin when its dive began.— -J Ahalysig 

of that point, however, nakes it appear impossible to depend on such a recol- 

fur analysis 
lection of angles as- a basis/of the path. It is not surprising that it should 

be so, for it is of course extrenely difficult to recall a line of sight 

exactly, especially after a considerable lapss of tine. Mr. KcGaha's recollecr- 

t ion was th;at he had seon the airplane start its c'ive, immediately after the 

.at ..■■'■ 

light ning flash, at a point found to be/an angle of 11 degrees above the hori- 
zontal. Since Mr. McGaha* shorae was at a distance of 2-1/2 rail es. from the 
easternmost edge of the rainstorm, the reported angle of his line of sight 
Would have placed the aircraft approximately 2500 feet above the ground at the 
tine of starting the dive. Since Mr. McGaha identified the airplane, by com- 
parison with another cachine of similar size subsequently seen at a known alt i- 

11b/ 
tude-; — 'as having passed over his house and continued at a height of about 6000 

feet above sea level, his estimate of the angle at which he had seen the air- 
plane go into a dive (a nuch more difficult point to fix in memory) must be 
considered as having been in error.. 

lla/ Chapter II, Section on Course and Position of Aircraft immediately prior 
to the Accident. 

lib/ See Chapter II. 
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A similar difficulty arises irv connection with Mr. McGaha's recollec— 
tion that he had watched the airplane "until his view of it was cut off ty a 
knoll near his home. The elevation, of that knoll fixed another angle, and 
.for. the airplane- to have "been watched until it had gone, down "behind, the 

.knoll, would have, troi^ht, it to a. height above the ground (at a distance., of 
1-3/4 wiles ahort of the scene of the accident) of only about 1000 feet. 
Still assuming that Mr. McGaha conld only. have. seen, the machine when it was. 

.short of., the rain stora (as to the continuous intensity and impenetrability 
of : which, there. was general testimony from those who ■■ were in.it), the airplane-. 
wpuld-.then have had to travel horizontally for a distance of 1-3/4 Eiles to 
reach the scene of final crash while losing only 1000 feet of altitude. H?h&-t 
would, have indicated a nean angle of path to the horizontal., of only ahout . 

, § degree s , which ; do e s . no t . ; r epre sent a " ; di ve-, blut - a coapar at i vely gent le de so snt , 
The full acceptance of Mr., McGaha's recollection on. ^ this point,, coahined with. ' 

.the_facts that. appear to have been definitely esta^li shad. -with ; regard to the, 

. ex|f nt , of . the rainstorm, would therefore, require the- airplane to have started 
Its dive, at a point between two, and three ..miles short of the final impact; to 
have continued the dive at least to .within .1000 feet of -the -ground; to have 
conie.. hack, nearly to.: level flight .at that : point| to have- continued for one or 

,itvo ailes : ,along the path descending ^t .an average angle jf not over 5 degree^ 

..and, then to, have nosed over again.,- to, an .angle :of -at; least SO.de'grees to the ■ 

horizontal, and probably tjora, and continued : on' the path, thus est abli shed ; t.o 
the point of impact, "■:"■■'' 

Jjb$s extreme . conclusions concerning the- flight path are developed if -it : : 
be- cohsid(sred-as : ■ a- possibility that tKe'' airplane eay actually hav-e 'disappesf|9 
from Mr.. McGaha 's view by diving into the . rainstorm, beyond' the hill rather : 

■than' ty..-goin^' down behind the crest of the nearby hill, and that he .and 

his son were deceived, on that, point by the haze and the bad visibility:- .>;] 
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associated with the nearby storm and the general dullness of the day* 
In that case the airplane night, actually have disappeared into the storm \ 
at a height considerably greater than 1,000 feet. If it had entered the 
storm at 4,500 feet above the ground, its path from that point to the 
point of impact would have been Inclined to approximately 26 'degree's" to 
the horizontal, or at an angle about equal to that at -which the airplane 
nost probably struck the ground. Although the assumption of a steady, dive 
at an angle of 30 degrees or thereabouts is in superficial conflict with 
Mr. McGaha' s inpression of the airplane as going down very steeply, the . 
conflict is reduced by talcing account of the angle to the horizontal of 
Mr. McGaha 1 s lino of vision on loo-ting at the airplane. With the airplane 
in a 26-degree dive at a height of 5,000 feet (taking that as the altitude ■ 
at which the dive night have become well established at a fixed angle), 
and .at a distance of two nlles short of the point of final inipact, Mrv : ; 
McG-aha would have seen it at an rpparent angle of 53. degrees to: Ms line of 
sight. The apparent length of the airplane, as seen at that angle, would "; 
be foreshortened by less than a ouartor of . the true length, and even an ' . 
observer quite familiar with the fora of aircraft and their appearance 
during maneuvers night hive difficulty in distinguishing the nachine : seen 
at such an angle from one diving very near to the vertical. 

If the airplane had gone into a vertical dive at a height of 5,500 
feet above the ground, while traveling at nofnal cruisiug speed, its speed 
would have increased to approximately 380 &.p.h> at the. time of striking 
the ground. A similar study for a stea&y' 3Q*d'egree dive from the sane alti- 
tude indicates a speed at contact with, th^r ground in that case of about 330 
n.p.h. These figures are very approximate, hut suggest the general order 
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of magnitude of the prohable speed. Although it would "be impossible to 
determine the speed at contact with any accurary fron the condition of i 
wreckage, the completeness of the destruction at least indicated a spaot 
far above that of ordinary flight. . The damage, which technicians who b 
had past occasion to examine a great many wrecked airplanes that have m 
contact with the ground in all sorts of attitudes and at all sorts of S] 
found almost unprecedented in their experience, would "be difficult to ri 
.cile with a speed of less than 300 m.p.h. 

If the airplane had gone into a vertical dive at 5*500. feet, and h 
then continued the vertical path very nearly to the ground, with the am 
in process of recovering fron the dive when it hit, the time from the f 
deviation fron the normal flight path to the impact would have been ato 
15 seconds. If the descent had been, along a steady 30-degree inclinati 
the corresponding tmo would have been approximately 30 seconds. 

She best estimates of the time interval that elapsed -between :the t 
of the lightning flash and the final crash of the airplane, obtained by 
reconstructing the novcnients of persons who saw the lightning and hoard 
the crash and engaged in some definite activity in the. interval, put it 
about 15 to 20 seconds. Though that figure cannot be regarded as a ver; 
reliable one, if it be accepted, as vKLid, it Would require either that 
airplane's first deviation from its path preceded the lightning flash w 
which the crash was so generally connected, or that the dive was very . 
nearly a vertical one through the greater part of its length, and must 
in that event have started after the airplane was well into the area of 
the heavy rainstorm. 

One difficulty with the assumption of a strait descent at a coos 
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angle is that it fails to provide the negative acceleration of the air- 
plane which would he a possible explanat ion of the apparent over-speeding 

12 
of the propellers, A negative acceleration suggests inverted flight, 

and consideration has been given to the possibility that the flight path 
night have had the form of an S, the airplane having been on its back at 
a midpoint of the descent, and a recovery from that attitude having then 
beer, started but not completed before striking the ground. Such a path 
would be possible in the event of a temporary disabling of the pilots or 
a temporary interference with the control, a difficulty, lasting only a few 
seconds and followed by resumption of control of the airplane. It would 
account for the negative acceleration, and consequent over-rowing of the 
propellers. It would account also for the fact that several of the witness 
ses living near the scene of the accident spoke of the roaring noise that 
immediately preceded the crash as having seemed to coae frost the west,; over 
towards the mountain, — for if the airplane had actually taken the S-shaped 
path downward, Its first deviation from its normal attitude would have oc- 
curred when it was approximately over the point of final contact with the 
ground, and therefore well into the rainstorm area. 

Another alternative is that the airplane might have 'spun from a con- 
siderable altitude, or descended; on an irregular path after the wing had 

stalled. The reasons for discarding those hypotheses are explained else- 

13. . ' . . ." . ■ 

where. Ih addition to the. reasons given there it would appear that there 

could not feve been any large amount of side— slipping or turning on the way 



lg/ This point is discussed in. detail in the section of the present chapter 
dealing with Mechanical .Failure.. 

13/Section on Turbulence. 
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. down, unless the turns had "been extended into complete circles, since 
the airplane struck the ground substantially on a direct prolongation of 
the line of flight that it appears to have been following immediately before 
entering the storm. 

In considering the implications of this and other possible flight 
paths, it must he remembered that the longitudinal stability of the airplane 
would give it a pronounced tendency to recover from a dive, even without 
the intervention of the pilots. Tests and calculations on a similar air- 
plane hrve shown that with the center of gravity in the position that it 
had at the start of this flight, and with the tab control set for the air- 
plane to tritt at cruising speed, it would require a steady push of at least 
40 pcunds or. the control column to keep the nose from rising when a speed 
of 300 m.p.h. had been reached. In this connection there is a possibility 
which is extremely remote, but may nevertheless be iaewioned, in view of 
the difficulty of finding any combination of circumstances that seems at 
all probable as an explanation of the maintenance over a period of 15 
seconds or more of a flight, path of which the abnormality would be expected 
to hrvo advertised itself to the pilots. If an airplane nosed over very : ;: 
abruptly and very steeply at a time when the occupants did not have their 
belts fastened, a number of them night have fallen or slid from their seats 
to the forward part of the cabin. The resultant shift of the center of 
gravity would aalce the uachine triiri at a considerably .higher speed than that' 
for which the tab controls were originally set, and so hold it in a dive 
(though probably a comparatively shallow one} if the ^pilots, having them- 
selves been disabled by whatever causes produced: .the sudden, change of course^ 



were exerting no force on the controls, 

Aside frora the complete disabling of the pilots or a shift of. load 
ir, the airplane, two hypothetical explanations of the prolonged, mainten- 
ance of . a steady dive have Deen considered. If the pilots were "blinded "by. 
a lightning flash their iunediate concern would have been to -avoid stall- :■ 
ing'of the airplane while their disability continued- In seeking to he : 
perfectly safe on that' point they night have over-corrected by pushing the 
nachine into. p. dive, and with "both pilots pushing on the control column 
together the force required might have been overlooked under conditions of 
such stress and the dive continued until the ground was reached. The other 
possibility considered is that the clogging of the airspeed indicator head . 
with rain nade the indicator read too low by a gradually increasing amount, 
jhe indicator would then have indicated a gradual approach to a stall which 
the pilot slight have tried to off-set "by thrusting, the control coluian gradu- 
ally forward to pick up i-iore and more speed, This explanation does not 
seem at all likely to he a correct one since other instruments innodiately 
in front of the pilot, no t ah ly .the altimeter and the artificial horizon, 
would he supplying an obvious contradiction of the airspeed indicator! s 
reading. Every experienced pilot would recogniie the possible fallibility 
of airspeed indications in heavy rain or freezing weather and .would check 
against his other instruments under . such conditions, 
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M echanical I&ilure 

Investigation of the possibility that a mechanical failure might have 
■been the cause of the accident was made extremely difficult "by the condi- 
tion of the airplane when it was found after the accident. It was in 
thousands of pieces. 

The condition of the engines indicates that they were operating at 
very high speed at the time of impact but the amount of power being de- 
veloped is -unknowns The switches and the fuel valves were found in the 
"on" position (the throttles were in the full open position hut it cannot 
/be determined in what position they were at the time of the impact)* The 
bends in the propeller "blades were identified by experts as power "bends 
and witnesses near the scene of the accident testified that they heard a 
loud roar of engines immediately prior to the sound of the crash* 

An inspection of the engines revealed no indications of a mechanical 
failure prior to impact. The condition of the master rod "bearings and 
drank pins of "both engines showed that the oil film had "broken down and 
the parts showed signs of overheating as did some of the knuckLe pins* 
Sowever, in view of the completely separate lubrication systems and the 
identical character of the damage to "both engines, it appears that the 
damage was caused not by mechanical failure of the engines but by some 
factor inherent in the attitude or motion of the airplane after the initial 
difficulty and previous to the crash* 

The evidence indicates that the condition of the master rod bearings , :' 
the: crank pins, and knuekLe pins could result only from a momentary interrupt 

tion of the oil supply to the hearings or from an overloading of the bearings. 

".." : ";--. "'■ .. "'..■'■- ■ ■:■■■ .:' :^J" ^'-. 

Qithei* of which mi^b.t have been caused by over- re wing of the engines. 



$•$/: • 'O^rr-revving is a condition which occurs when the engine speed exceeds ~: 
the; revolutions: at which its governor is -setv The maximum speed at which; 
■: the governor .is permitted t.o be get is the rotative speed which the en*. " 
■ ■ gines-ars rj^mtt^^fo," attain ;©t takeoff, in this case 2350 rpm. 
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k : limit-. the duration of the fire. The "blast' would probably create quite a l:#rge 
volume of hot air whioh, "because of the unstable conditions which exist in the 
neighborhood of storms, would tend to rise at a very rapid rate carrying 
particles, such as pieces of paper, with it. Fire and explosion at the time- 
of impact could have been caused by gasoline coming in contact with hot parts 
of the engine, by breaking of electrical connections, and % metal striking ; - 
rooks on the ground, creating sparks. 

Examination of the wreckage disclosed that partially burned and. scorched 
parts of the airplane were spread over a large area. These parts include the 
upholstery from the passenger compartment, one tire, various metal parts of 
the airplane's structure, and the fabric attached to the rudder and left 
elevator. It is necessary to determine whether these indications of fire re- 
sulted from the fire which occurred at the time of impact or a fire which had 
been burning prior to that time, 

She evidence indicates that the marks of fire resulted from the fire at 
the time of impact. In goany instances evidence of fire was found on one part 
Qjf. the airplane, while a part to which it had been attached showed no sign of 
fire. For example, the right tire was partially burned, but the landing gear 
parte to which it was attached and the wheel wells into which the landing 
gearwheels are retracted showed no evidence of fire. She right tire was 
moire severely burned than any other part of the airplane. !Phis tire was 
fQAjnd in close proximity to the point of impact and probablr collected a con- 
siderable amount of gasoline in the wheel depression as the gasoline was 
;:^>wnvfrom;the fuel tanks. A short length of the upper forward part of the 
^Banger compartment had broken in two. One of the pieces was found with 
■J^\ soundproofing partially burned and the edges where the break occurred 
%&e smoked. The side upon which the sound-proofing was attached was down. 
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accident,. Other witnesses made varying statements as to their estimate • 

between the time of the lightning strike and the roar or the engines. 

Mrs* Jacobs estimated 10 seconds. She noise during descent sounded to her 

like a H siren tt or ,r seream". Mr. Harry S. Everhart, who lives 1-3/4 miles 

southeast of the scene of the accident, estimated 15 seconds. Mrs. Ever- 

hart, who lives 2-3/4 miles east of the scene and who heard an "cwful 

roar, 11 reported 7 seconds. Mrs, Hickman, who lives about 2-l/2 miles 

southeast of the scene of the accident, estimated 16 seconds, Mr, McGaha* 

4rrl/4 miles southeast, also heard a "roar." Mrs. Ridgeway, 3-3/4 miles 

^southeast, and 'Mrs. Hickman 'heard a noise that sounded like an old truck. 

Information received from the H.A.C.A. indicates that a large increase 

in sound emission from a propeller would result only from over speeding and. 

that the engines must have "been temporarily overspeeding to create the 

high pitch noise which could be referred to as ■ a "shriek 1 ' or "siren" 

effect. This would explain the !1 siren" or "scream" which Mrs. Jacobs heard 

and would distinguish the high tip speed of the propeller from the "roar' 1 , 

of the engines. The testimony of the witnesses therefore corroborates thse 

evidence on over-revving since the noise issuing from an airplane would 

not ordinarily be described as a "scream," 

Over-rewing might occur if the airplane were to accelerate faster 
than the propeller pitch could keep pace with it if. in addition there ha4 
occurred a momentary interruption of the oil by which the pitch changing 
mechanism operates, fhis would create a tendency to rotate the propelle.ir. 
blades toward the low pitch position or at least retard them from moving : : ' 
to the high pitch position vihich they would normally tend to assume wail© . 
the airplane was accelerating as in a dive*- 

Hot only would the interruption of oil thus tend to invite overspf^a^s 
ing but the interruption itself could be caused by the same maneuver >^^ 
created the acceleration. Xf the airplane went into a sudden dive a 






momentary interruption of oil could be caused by the negative acceleration 
which wcmld craate a movement of oil awsy from the oil outlets in the tank, 
exposing the outlets to air. That such a condition is possible is borne out 
"by. the testimony of witnesses during the hearing. 

This negative acceleration could be caused "by a sudden dive or by hay- 
ing the airplane go over on its back or by a severe down gust. It is not 
likely that interruption to the oil supply during stable flight conditions 
could cause over-revving since if the oil interruption had occurred while 
these conditions obtained, the rate of rotation of the blades to low pitch 
would be at the slow rate of approximately one degree in eleven seconds. 

Under normal conditions the propeller blades would have rotated toward 
the high pitch stop (about 45 degrees) while the airplane was accelerating 
and descending at high speed, From the fact that the pitch angle at tine 
of impact appeared to be 24 degrees, which is a cruising angle, it may be 
inferred that the interruption in oil supply which night have taken place 
and which would tend to rotate the blades to low pitch, balanced the ten- 
dency of the blades to go into high pitch as a result of the high speed of 
the airplane. Under such conditions the propeller would have the charac- 
teristic of a fixed pitch propeller. If the propellers had been wininllling 
at a pitch setting of 24 degrees and at 3000 BPM, an airplane speed of 320 
miles per hour would be indicated. If the propeller had been windmill ing 
at 24 degrees and maximum engine EPM of 2350, it is estimated that the air- 
plane speed would have been about 250 niles per hour. 
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'-" ;'" It appsara that the condition, of the beatings and crank pins indicates; 4 
: o^e^rwving immediately prior to impact and not mechanical failure within ;^ 
the engines themselves or their oil systems. An investigation Was, never*-*" ; >? ^ 
'..v^t^less., made of the mechanical adjustment to the oil filter for the right- V:? 
engine which, was required just prior to tate-off of the airplane from flash- fM 
■ihgton. As we Have previously stated, the oil pressure as shown on the 
igaai^e; for the right engine had fallen Del ow normal and it was necessary to .: 
rotate the blades in the cuno oil filter to relieve it of any sediment whlctjij 
might be blocking the oil flow. It is not believed that the condition whicfi:" 
required this mechanical adjustment had any bearing upon the accident or upip#f 
■■ : : the -condition of the engines prior to or after the crash* The accumulatiSEipSf 
'V' ;: Of, s&alaent on the oil filter discs to such an extent as to reduce oil '.:;: J^ 
;: pressure is not uucosmon and the blades installed between each pair of discy&v; 
are designed to remove this sediment. After the blades had been turned, th^i- 
■ ^jc^pilpt stated that the oil pressure had returned to normal. Moreover, ^tM^jv 
; adjustment was required only with respect to the right engine. Since each : \ : : : 
engine has an independent oil system, the low pressure on the right engiiie ■"■""; 
|;, Gould r hot have had any effect upon the left engine* It is not unusual f^-Wv 
-sluage or sediment to appear in airplane engines making it necessary that -f ^ 
filters be installed in the lubricating system to prevent sludge from bei*y^| 
■-. : ^dlre«ted through the smaller passages throughout the engine which might 3awfe£ 
>■■ ^lubrication failure with resultant serious damage or failure to the engine ^ 
. yfhe.-cil companies have made an extensive research in cooperation with tfae ?7 r 
V ^;^^m|Eaeturers of engines used lh air carrier service, as well as the al:r ; : '- : n : t 
;' : ; : V^^_S^e^,p^.er^ti(a8._d6partmentB, resulting in only a high grade of oil .betc^r 
^v^proved; by 'engine- manufacturers for use in their respective engines. ;' \ t E&&^z 
■;. type m& ■g^.te 'of oil-used'by Penhsylvaniar*Cantral Airlines is. the same. : ;a^iS 
that, used -in: other o|^ tne,;la,rger air carrier services. She sludge or s^ 
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: * , ■ aoRtent which, might "be collected in an airplane engine would depend, large- 
-:i; ly upon the usage of the engine, particularly the amount of power applied 

.—over extended periods. In other words, if the engine is operated at a 

■:;,;. high rate of horse power over an extended period of time, more sludge or 
sediment can "be expected than if the engine is operated under lesser 
horse power conditions. If the cuno type filter which was installed in. 
aircraft NC 21789 was free of sediment to an extent which would -permit _ 
a normal oil pressure of 60 Ids. at the time of departure, it is not — 
likely that sediment could collect in an amount that would "be alarming 

■ prior to reaching the nsxt scheduled stop. However, should the filter 
clog up with sludge or. sediment so as to reduce the oil pressure "below 
40 ibs.,, the oil. would be by-passed around the filter so that adequate 
lubrication would .be provided to the engines and no stoppage of oil would 
result to the lubricating system. Thus, while the filter is not abso- 
lutely necessary to the operation of the engine,, it contributes to its 
..economical operation. 

It is quite likely that if a material loss in oil pressure was indi- 
cated shortly after taking off, Captain Scroggins would have returned to 
.the tfashington-Hoover Airport. "When this fact is considered with the 
evidence to the effect that the condition of both right and left engines 
after the accident was almost identical, the conclusion seems clear that 
the condition of the oil filter prior to departure from Washington could 
not have had any bearing upon the cause of the accident. 

Ho reason lias "been found to suspect an engine failure while in flight. 
Hot only does the direct physical evidence give no suggestion of such a 
failure, but the circumstances of the accident were such that engine failure, 
partial or complete, could hardly have initiated it* Had Captain Scroggins . 
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encountered any malfunctioning of the engines or engine failure, he probably 
would have followed the usual procedure and returned to Washington. Had one 
engine failed, She flight could have been maintained over an extended period 
of time operating on the remaining engine, particularly since the engines 
were equipped with full- feathering propellers. Had "both engines failed, 
there are numerous farms between T&shington and the scene of the accident 
on which an emergency landing could have been effected. Weather conditions 
in the Washington area were favorable through the afternoon of August 31 and 
there is no evidence of a weather condition which would have prevented <an 
emergency landing along the route up to within three miles of the scene of . 
the accident at most. Had any mechanical difficulties arisen prior to the 
time Irip 19 got into serious difficulties, Captain Scroggins would un- 
doubtedly have informed Pennsylvahia~Bentral Airlines in Washington to 
that effect by radio. If he had experienced mechanical trouble on entering ■■".; 
the storm, he would have turned back out of it. 

The remains of the control system were examined to determine whether .^ 
a mechanical jamming of the controls might have caused the accident. While 
all of thecontrol surfaces were located, it was impossible to discover, due 
to the condition of the wreckage, whether or not a mechanical jamming had; 
occurred. However, no reason appears for concluding it had occurred* 

Structural Failure 

Consideration was also given to a possible structural failure during 
flight* -Xn this respect the investigation was made difficult by the con?* 
diM^n Of the wreckage. However, all major component parts of the airplaiiS. 
were fotmd forward of the point of impact. Jn examination of all pieces of 
the wreckage recovered revealed no evidence of any failure, displacement j i 
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or distortion of the wings or tail surfaces during flight. All breaks and 
damage to the structure appeared to have bnen caused by impact or by the 
movement of the various parts over the ground following the initial impact. 
Therefore, it does not seem probable that structural failure during flight 
contributed to the accident. 

Personnel Disability 
By reason of the fact that the airplane plunged to the ground with power 
on, it is possible that for some reason the pilot and copilot were prevented 
from effectively operating the controls. The evidence shows that both Captain 
Scroggins and First Officer Moore were in good physical condition and in nor- 
mal spirits at the "time of departure from the Washington-Hoover Airport, 
2here is no record or other indication that either of these pilots was subject 
to physical disabilities which would incapacitate him without warning. More- 
over, it would be necessary to find that both pilots became incapacitated at 
just about the same time, for if only one pilot should be disabled and fall 
forward on the control column, the other pilot would not be called upon to 
exert extraordinary force in order to maintain control of the airplane. 

It cannot be definitely said that both the Captain and the First Officer 
were in their respective seats in the pilot's compartment at the time of the 
accident. It is the usual practice for air carrier pilots to visit the pas sen- 
ger cabin sometime during the flight* but under ordinary circumstances such 
visits would not be made until after the airplane had reached its cruising alti- 
tude and then only under conditions of favorable weather. Since the accident 
oc^rr,ed : within about 'twenty minutes following take-off from Washington-Hoover :, 
Mrpbrt and the storm condition was being approached just prior to the accident, 
;ve ffnd no reason to believe that both the Captain and the First Officer were 
not in their respective seats at the time of the accident. 
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It is, of course, possible to conceive of a variety of occurrences by 
wtiich both pilots would have "been disabled at the same tine. However, the . 
only possibilities that seem to justify discussion in the light of the 
present record are the effects of a lightning strike, fire, sabotage, or 
turbulent air. These four subject natters and .their relationship to the 
.flight crew will be discussed hereinafter. 

Fire 

Consideration was also given to the possibility that fire might have 
occurred prior to impact and contributed in some way to the accident be- 
. ■ cause there were evidences of fire on many ph&ts of the airplane, pieces 
Of burnt paper were found behind the scene of the accident, and Mrs. Jacobs 
testified that she saw a blue looking flame in the air. From the evidence, 
it is clear that immediately following the impact the fuel tanks broke open 
and gasoline was sprayed over a wide area. Mrs. Jacobs and" Mrs. Thompson 
testified that at the r.oment of impact there was a violent flash of fire* 
Mrs. Thompson stated that immediately after, the impact, she saw fire roll-;. 
lag across the alfalfa and corn fields forward of the point at which the 
airplane struck. No witness, other than Mrs. Jacobs and Garland Jacobs, 
testified that he saw fire in the air. Carrol McGaha and his son, who 
testified that they saw the airplane go down, noticed neither fire nor 
smoke. 

It is conceivable that an explosion took place upon impact due to the 
large amount of gasoline which was being aarried and the fact that fire was:- 
seen. Such an explosion might have contributed to the disintegration of the 
fuselage and resulted in a blast of sufficient intensity to carry pieces of 
the airplane high into the air. The' wide dispersion of the gasoline follow-? 
ins? imnact and the intensity of the rain which .was .falling at that time wOJ 
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k : limit-. the duration of the fire. The "blast' would probably create quite a l:#rge 
volume of hot air whioh, "because of the unstable conditions which exist in the 
neighborhood of storms, would tend to rise at a very rapid rate carrying 
particles, such as pieces of paper, with it. Fire and explosion at the time- 
of impact could have been caused by gasoline coming in contact with hot parts 
of the engine, by breaking of electrical connections, and % metal striking ; - 
rooks on the ground, creating sparks. 

Examination of the wreckage disclosed that partially burned and. scorched 
parts of the airplane were spread over a large area. These parts include the 
upholstery from the passenger compartment, one tire, various metal parts of 
the airplane's structure, and the fabric attached to the rudder and left 
elevator. It is necessary to determine whether these indications of fire re- 
sulted from the fire which occurred at the time of impact or a fire which had 
been burning prior to that time, 

She evidence indicates that the marks of fire resulted from the fire at 
the time of impact. In goany instances evidence of fire was found on one part 
Qjf. the airplane, while a part to which it had been attached showed no sign of 
fire. For example, the right tire was partially burned, but the landing gear 
parte to which it was attached and the wheel wells into which the landing 
gearwheels are retracted showed no evidence of fire. She right tire was 
moire severely burned than any other part of the airplane. !Phis tire was 
fQAjnd in close proximity to the point of impact and probablr collected a con- 
siderable amount of gasoline in the wheel depression as the gasoline was 
;:^>wnvfrom;the fuel tanks. A short length of the upper forward part of the 
^Banger compartment had broken in two. One of the pieces was found with 
■J^\ soundproofing partially burned and the edges where the break occurred 
%&e smoked. The side upon which the sound-proofing was attached was down. 
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ftobt fear piece to which this one had "been attached was found nearby with the 
soundproof i^ ^ no evidence of fire in the sounds -: 

p^ijf ihg aor did the edges where -the break occurred show any signs of smoke* Ov 
fcc-parts. of the engines » nacelles *-. or pilots ' compartment showed any y.:K: 
evidence of fire* Some parts of the. fuel tanks which had apparently been 
hroioen at the tiae of inrpact showed evidence of fire. While this evidence 
consisted for the most part of marks of amok©, a large part of one tank. had ; 
been melted, probably because it had carried a small quantity of gasoline with- 
it following the impact, which burned on the ground. Ten pouches of mail 
which had been carried in the mail compartment which is formed by heavy wire 
meah partitions in the cbapanionway between the pilots 1 compartment and the : - 
passenger cabin were escamined and.no indications of fire on the pouches or 
the mail were found. All fire extinguishers on board the airplane were ac- 
counted for and none of them had been used, 

JPhe re is nothing which could be considered as: inflammable material either - 
in the passenger or pilot compartment. !Phe -upholstery, carpets, seat cushions, 
etc,«^ ; which &re treated with a fire resistant chemical could be burned only --.- 
^y^plie-aWon of intense heat or after having been soaked with some inflammable. 
fiu\i§*. fhere were three water flares in a dosed compartment located about 
two, f©ej.; ; behind the pilots 1 compartment. A one-gallon can of water to re- "' 
planish the water supply in the boiler which provides steam heat to the air-' < 
plane is ^normally carried in the same compartment about 18 inches below and 15" = 

'. : ""v- ■■■"■ is/ : ■■;■'■; : ''--:.;= 

inches behind ,the water flares* £art of the- flotation gear is carried be tweeny- y 



1 , 5/ She .flotation, gear carried by ^annsylvania-Geatral Airlines is to 3afeguM4 
passengers in the event of a forced landing in crossing over kake Erie and , 
&aks Michigan. ■ It consists of two rubber.;.: rafts, which can be instantly in-*--: 
flated by releasing a valve in a carbon dioxide tank that is carried with ; ■ 
each raft for that purpose. Life. preservers to accommodate all passeh^rJs' : : ;= 
: and crew are also carried on the airplane* 
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: tha water flares ; and the can of water. These water flares-are composed, pf; 
metal cans about six inches in length and two inches in diameter, containing 
-...-■a -..mixture, of carbide which forma an inflammable gas when wet, and a substance 
which .will, produce a flame to ignite the gas upon contact with water* Ihese 
cans are, sealed and equipped with a pull ring in the top which, when pulled, 
■opens a small hole. If the flare is then placed in water it will Immediately 
ignite* JPhese flares- were, of course, inflammable, ."but -under the conditions 
above, described, it seems impossible that they could have ignited while-, the 
, airplane was. in flight in view of the care with which they are sealed 'end rlpie 
unlikB(ii hood of water entering the metal container during flight. Thef aeJfe 
that the water carried for the boiler was located below the flares and; was 
separated by a part of the flotation gear would preclude the danger of fire 
f rem that cause.. ,..,.-,-. 

.Pnder all of the circumstancee, it seems highly unlikely that the airjplane 
wa^ on J ^ re during the flight,, It is possible that Mrs. Jacobs*' and Sa^Qjad 
Ja<?pb^ ii^reEsion of fire in the air actually resulted from the £ ire at the 
time of .impapt due to the rapidity with whiqh events occurred, Kirthermpre?i 
the space .interval during which they could have, seen the airplane was so short 
as to prevent an accurate observation of the condition of the airplane as it 
flashed.by at : a tremendous: speed. 

3?he. discovery of a number of pieces, of burned paper southeast of .the scene 
.■'LiPf the ; accident appears atj first glance to be inconsistent with this conclusion, 

phe piece, a manila envelope, was found 1-1/4. miles southeast of the point of 
v : H; 'iaape^t^ /-\#ne- possible explanation of the presence of this burned envelope and 
p*her papers was that the airplane was on fire prior to impact and the papers 
;.:■; v-^ey or'^ere thrown out. However, in view of the evidence which tends to show 
^.$hat there was no fire during ■flight.',- the most plausible explanation of the 
J^jjareseneeof the burned paper is thai at the time of impact the terrific up-draft 

-■£$^jM--''.~ : :- : ~-- -■■]..■■--■ ' .'■ ■'■■ 
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which followed the blast carried the papers high in the air despite the heavy; 
rain and they floated down to the places at which they were found. 

It would not "be unusual to find up currents moving at substantial speeds 
in a storm such as the one in process at time of the accident. Such a 
: -current further augneh ted "by a blast of hot air from turning gasoline could 
icdnpeiTaoljr carry papers, such as were found, to a considerable height. ' %rea- 
■a comparatively mild breeze from the northwest could then have carried them 
to the points where they were found. It is noteworthy that material such as 
""Ihe flight calculator and 'man&a, envelope were c^ried the furthest and it 'is 
Iftelieve'd that this is due to'th'e fact that such materials would he slower i to : 
a^sor^ moisture than lighter papere which were found closer to the scene of 
the accident. 

Tests were conducted by the National Advisory Committee for Aeronautics 
on a wet manila envelope such as that retrieved from the accident. The re- 
sult. When considered in conjunction with the evidence of the gasoline explo- 
sion- at the time of impact and the consequent vertical atmospheric current :-. 
■■ -^lead's- to the conclusion that the flight of the envelope' from the scene of ' 
■the crash to a point 1-1 /4 miles distant is not; only- poseihlebu't highly ; 
probable. ■:■■■ 

3?his theory is supported not only by the evidence, Which indicates that 
vSi^re was nb fire in the air, but also by the fact that the scorch marks on 
^: :; t^manila envelope and other papers found at" various points southeast Of the 
: r/aoGideht^hare similar in character to those on papers found at the sKJeneof ; :; 
■'theV;acci'den.W-' '■■■;r-'--'--:^'-: : ' ;;■'■.;-.■■ : -.' ..■•::"■ ''--"'^^^ ; .■■■ 

■p{lEh&&t6tei\■w3\■■rGWclxl&e' from the preponderance of the; evidence disclosed V 
Ity the investigation, ;|>iat iho only fire that '■■dc'currexl/ took place/ following ■" 
■■ : .the>"impactw 
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Turbulence . ■ ■ • . ■ ■ 
The Board has given, consideration to the possibility, that the accident 

; - may have resulted -from .turbulence, so violent. as to .throw, the airplane, out of 
control. " ; ......,,._ 

■::"■. flying through turbulent air is not, of course, an unfamiliar experience 

;■■""' >*fbr any 1 ' transport pilot.- . It customarily involve s, no thing more than abrupt ',...' 
accelerations of the airplane, with resulting, discomfort for .the passengers, 

; and an increased need for .alertness on the pilot's part to keep the airplane 
oil its course and to restore it to a normal- attitude after- any. particularly 
violent disturbance. Instances are known, however,, of airplanes having en- 
countered turbulence of such extraordinary intensity as to momentarily throw 
them coispl-stely out of the pilot 's control and into wholly abnormal, attitudes. 

■ - Ga;Ses-,.have; besn reported- of aiirijlanes having encountered, gusts so violent as 

■ to stall""^ the wing Completely, from a flight, speed considerably above the 

• : -horaal stalling: speed.- Stall ing due tb turbulence, without there having been 
. any. ice on the wings to increase the susceptibility to such s tailing , is 
extremely rare, but cannot be absolutely elininated as a' possibility. 
■ ■■■- : ; When an- airplane of the type involved in the lovettsville accident is 
..■.deliberately stalled with power on, the stall customarily develops -first on 
-V.oiie wing-tip and that wing drops sharply, the airplane $ lata. taneous:ly : turn- . 
■Vi-iiig- toward^ the low wing,.- Where the maneuver is deliberately executed by a 
;.; ' piiotiwhovis prepared .to : : initiate iijinedi at ely the ^required measures, of re-: 
;', <?dTery ; , ^evidence received in the present investigation indicates: that- only. . 

■v- jfi/ Stall . Awing is.'said to, be stalled when the angle at which it is aov- ■'■;'. ;. : 
l^j% .ing .through the -. air becomes so large (usually as a result of at tempts, to 

reduce the speed -too. far, or climb too steeply) that the' aiT no longer 
k$V-i: : ■'&®* fs . smoothly along the upper surfaces of the wing, but eddies irreg-a- : .: 
,;; : - ■" larly, resulting in sudden changes of .lift and great instability. 
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f rora 400 to 600 feet of altitude, is uornally lost in restoring normal fll^U:; 

: The intentional stall, being initiated with the' airplane's no se' pointed up at 
a steep angle, does not strictly simulate, the conditions of an inadvertent 
stall due to gusts encountered while in level or nearly level' flight. It is 
impossible to produce that condition for test purposes.' Any uncertainty aris- 
ing on that score is added to uncertainty concerning the effect of intense 

.: turbulence during a recovery- from a stall, and to uncertainty concerning the 
effect of had visibility in making it difficult to estimate the araount of alti- 
tude that m^ have been lost during recovery if the airplane had stalled ' 
Tinder the conditions- listing at the. tiise. and place of the Lovettsville crash. 
It would seem most unlikely, in view of testimony that the training of Capt^ 
-Scroggins and all: other Pennsylvania Central Airline pilots flying, the DC-3 

;': had;, included many : stalls .and. recoveries: theref ron ,. -including: sbma-uuder ' sia^] 
late.d.inst-runent conditional with hno-: dependence:, 'on outside:' visihility,,: that ft^j 

•' '.'..-.'' ''■'■. ' .-'! 

...airplane:, would' have- lost anything even approaching. 5000 if eat of altitude in ~iM 
, course of recovery fron a; stall uncGaplicated: by : other-factors than, those of i 
..mere-itrnpspheric turbulenceVand:'iEability to' see the ground". •.. - Yj 

It is conceivable., that a stall might start a spin,, although inadvertent j 
yspinsyvith, aircraft "of ; this; class have probably been even rarer -than stalls : '"'■ I 
?due;,to turbulence, whil e; flying, at. no rtial : speedy ■'■■ lh: view: of the ^limited ex- 
;perience , it. is-; inpps si Die: to speak wi th : any certainty' of. how;: the : aircraft ■■ : 
would .behave in a spin, -although it .is afrain true that recovery .from a fvlty 
developed spin would nornally be- especteu in. much less altitude than is be- : 
lieved to have been available in this case between the height at which/the 
airplane was cruising and- the point at which; it stru^iLthe -grduudj-' .'It,'is; J 
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possible, however, in view of the extrene unfariiliarity of the e^erience ©£ 
spinninf in a transport airplane and of the special difficulties presented, 
by instrument conditions and rou/sh air, that even a highly expert pilot 0i^ht 
lose as nuch as 5,000 feet before beinr; able to conplete the nanetive^fi for 
.chechin^ the spin and recovering f ron the subsequent dive; but the na#d f or 
speculation on that possibility is reduced by the unite denial of any likeli- 
hood of the airplane having spun that was provided by. the position of the 
wreckage and by the reading (as previously referred to) of the directional f 
gyro* At. the tine of impact the airplfe-ne was on its xiornal heading of 310 
decrees magnetic,, and it would have been nost extraordinary if the pilot 
should have struck the ground during an unintentional spin, or in process of 
recovery from it, on the sans cospass haadin^ at which the spin had rlje^un* 
Tests of the directional ^ro by its maker also indicate that if the airplane v 
were spinni. .-.,-? with its nose down as much as 40 decrees (as it probably would 
be in a fully-rdeveloped spin) the gyro element would have turibled in the cas©; 
and the instrument would have ceased, to ,-ivg any soist lance of a true indica- 
tion of heading. The uniform distribution of the wree'ea^e ahead of the point 
of impact indicated that no rotation, around the lone'itudinal or vertical axis 
of the airplane was. occurring at .the tine - ; of iopact , .which would in itself 
eliminate the possibility that the airplane was actually in a spin when it 
struck, although it would" still leave' the chance .>i:ha,t-- the airplane night have 
been in a spin, which the pilot 'fetal checked, ' 'and that it had- -struck the ■-. -. 
ground before- it had teen possible for Mo ta/ooifeiplete the- flatteaii^: out of ' 
•the /.flight path : frw tha : subsequent dive, before' striking the ground.. ■'. 

. Ihe direction in which tha airplane was headed at. the tine of., insfpact " 
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even, argues against the possibility of a stall having taken place, after the 
airplane had f or .sone reason descended to alow altitude, since the droppijij* " 
of a wi.n^ in the stall is attended by a consid3rable turning of the airplane: 
and .recovery from the stall is not normally on the sano. heading on whicii tiie . 
■iaanetiver was started. The. sane reasoning applies, with .even no re f orceV-to' ':■'- 
"any/theory that the airplane nl^ht have stalled in conditions of such viplbiit 
.and continuous air turbulence that the pilots were never able to regain; gOu-'. . ■ 
troi during the 20 seoonds or. more that would have ensued before the . rtachiii'e ; 
-wpuld have struck the ground. The presumption of turbulence cf that- br&erv '■' '"'■' 
land continued over so Ion,?; a period, seems, in any. event a virtually incredible 
ii.one. in the, light of all. that is known of atmospheric structure. It. would;. via 
/any- event, have been impossible for violent turbulence to extend to a very:.', 
low -altitude without haying showii itself as a surface wind. 

A posihility that nay be considered in connection with the discussion r \ 
; pi ^turbulence , though it is not strictly in that category, is the acti6^<j|ffe'; 
: a simple down-draft or descending current of air. . Thunderstorms are : *ohafea£fe- ; 
;' terised. by violent vertical notions of the. air, and especially by rising : ';^r-. 
; ^ents # -; often of very, hifrh velocity. Such rising- currents have been knswEt**^ 
attain a velocity: of several thousand, feet a minute. In undisturbed airV at 
,6000, feet, the naxiiaum rate of -climb of a fully loaded aircraft of the';i|y|&.V 
^involved, in this accident is approximately 800 feet per ninute at take-off-" 
'-.powers '--Even with one enrine dead, the maximum rate of climb would : be : : QVer ;■■; 
•^lOO feet per minute. . If the airplane had flown out of a rising current 1 i£ ';'<-.■ 
.:frQnt'.o;f "the storn end directly into rapidly descending air, approximately.' '^. 
a.s ;:it entered the rain, it is conceivable that it.ni;:ht hav? been i»pos.s^Jpe.^| 
even with, the application of full power, for the pilot to avoid a rapid l&js^ 
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. of altitude. Aside from the improbability in the light of existing neteoro- 
logical knowledge of go strong a descending current, and aside from the fact, 
that, vertical currents lose their- violence near the ground bo that the pilot 
would have in any case "been able to check a descent induced in that fashion 
before the ground had been reached, the tine element seems to eliminate a 
steady vertical current as a possible primary cause of the accident, The 
earliest, point at which the pilot could by 'any possibility have entered a 
strong descending current to the point of contact with the ground was only 
about two niles. It could not possibly have taken over one minute to cover 
that distance, and to have descended from cruising altitude to ground level 
within that time would have required a mean rate of descent of over 5000 feet 
per minute, and a descending current of even more velocity than that. It 
seems impossible to credit the existence of any such condition. :;'■.■ ".:: 

■ '.. The Board has also given consideration to the possibility that in the 
event of severe turbulence, the occupant of the jimp seat in the pilots' 
compartment might have inadvertently disturbed the pilot's control of the 
■airplane. The jump seat installation in HC 21789 consisted of a 12 x 18 inch 
flat board about l/2 inch thick. It is supported by two steel pins about l/2 
inch in diameter on one side, one of which is spring loaded to hold it in 
place. These pins are placed in holes in the secondary, structure provided 
for that purpose. The other side is supported, when in a down position, 
by resting on a channel which supports a part of the mail pit.: There were 
no back or side arras attached. The seat was designed so that it night be 
raised upward from one . side to permit pilots to-pass to or from the cockpit. 
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The seat , when in place is located in the companionway directly "behind the 
archway leading to the pilots' cockpit. It was approximately 15 inches froa 
the forward edge of the jump seat to the hack of the pilot's seat. The jump 
seat safety belt is of a material similar to that used in the safety "bolt a in 
the. passenger cabin. It was fastened on each end to the airplane structure,, 
on the righthand side "by a standard end type eye holt and on the lefthand 
side "by a special fitting designed hy the manufacturer of the aircraft. 

She landing gear, flap, and?: engine selector valve controls are located 
forward of the jump seat on the righthand side, She wobble punp control is 
located forward of and on the lefthand side .of.=.the jump seat and all are 
easily accessihle as a support to one sitting in the jump seat if he finds 
it necessary to hold on to something. Since the occupant of the jurap seat 
was not a pilot and had not ridden frequently in airplanes, consideration was 
•given to; : the possibility that he might have grasped the flap control in order.": 
to steady hitiself if the airplane had teen massing through turbulent air con**- 
ditiohs and the possible effect such action could have had upon the flaps or:;: 
the . controllability of the airplane. The possibility of such action having" : 
contributed to the accident is eliminated because of the fact that the flap;. 
control pechanisn is so designed that the flaps could not be actuated at a 
speed in excess of 112 miles per hour. If the flaps had been lowered at a 
speed of 112 miles per hour or less, the airplane would have assumed a settliiffl 
attitude in a horizontal position and would have had no tendency to assume a 
diving attitude. There are also a number of other fixtures such as the 
channels of the archway and the back of the pilots' seats which an occupant ^ 
of the jump seat could grasp. 
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" A question was also raised as to whether the occupant of the jimp seat 
hacLhis' safety belt fastened. If he had net, there is a possibility that 
he might have been thrown forward so as to interfere in some way with the 
handling of the airplane controls. The jump seat was found in a Badly- dan- 
aged condition. A part of each side of the safety "belt was found and the 
webbing of both had been broken or cut. Close examination of these parts 
does not indicate whether either was broken under heavy strain such as sight 
be expected at ; the tine of impact had the belt been fastened and therefore 
it is impossible to determine whether the belt was fastened at the time of 
impact. 

It is unlikely that the person sitting in the jump seat would have been 
•thrown forward because of up ; or down drafts such: as might be expected' in ' 
"turbulent air conditions.- The Usual tendency is for one to be thrown 
straight upwards when the airplane strikes a severe downward gust of air, 
However, if the seat belt had not been fastened, the occupant of the jump 
seat rai^ht be thrown forward involuntarily into the pilots' compartment if 
the airplane were suddenly nosed down steeply so as to cause a pitching 
movement. Therefore, if the airplane suddenly went into a steep dive, the 
observer night have been thrown forward into the pilots 1 compartment and 
might have thereby interfered with any attempts the pilots could make to 
regain control. 
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Effect of Heavy Rainfall on Performance 

The witnesses testified, that the rainfall, which was occurring at the 
time and place of the accident, was the heaviest experienced in a great 
many years. These statements were substantiated by the fact that small 
streams in that area were filled to overflowing, bridges were washed out, 
and highways were flooded. In view of this evidence the Board sought and '.[ 
received a report from thai-National Advisory Committee for Aeronautics as 
to the effect of heavy rainfall on airplane performance. 

Calculations were- based on an estimated rain density of 50 grams per : : 
cubic meter i This rain density is equivalent to a rainfall of 1^4 inches ■ 
per minute if the falling velocity is taken as 12 meters per second. 
According to a recent report prepared by the United States Weather Bureau 
this is maximum rain density likely to be experienced anywhere in the 
eastern part of the United States and represents extreme conditions of ■', 
actual rainfall in a cloud burst. 

According to the National Advisory Committee for ^Aeronautics: report:,; : -.;v'. 
the increase in weight due to the accumulation of rain^ as well as the ... ,: 
impact of rain, assuming a mean rain drop velocity of 30 feet per secohdf- ■■ 
is negligible. 

Using a rainfall of the same intensity, calculations; were also made 
to determine the effect of the drag which might result from rain impinging 
on the frontal area of the airplane. The : results : show/ that ,this;ef feet, : >^ 
while not negligible, is not iikely to force an airplane down. The drag 
effect varies with the size of the rain drops, but, assuming that the rain : 
consisted entirely of large drops, the power absorbed by the rain> while yk 
substantial, would be less than the power reserve available; " jffiven if . S.| 
the reserve power were not drawn upon, the path angle and rate of descent ->if 
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would have to be maintained for several minutes and over a distance Of 
several miles to force an airplane down from 5500 feet above the ground. 

The roughening effect of rain due to fixed or splashing rain drops 
on the airfoil is unknown, hut the percentage increase in drag from that 
cause is believed to' be small in airplanes such as the DC-3 with over- 
lapped skin construction, exposed rivet heads, and other departures froni 
an absolutely smooth wing surface. 

VJhile the conclusions of the National Advisory Committee for Aero- 
nautics indicate that heavy rainfall will not disturb the performance or 
behavior of an airplane such as a DC-3 to any marked degree, the Committee 
believes that heavy rainfall would have a substantial effect on the perfor- 
mance of the airspeed indicator. Beyond a certain critical combination of 
airspeed and rain density, the airspeed head will flood and the water will 
accumulate in the pressure line. If such be the case the airspeed would no 
longer serve as a guide to the true flight condition. 

However, in the case of KC 21789, a hand pressure pump was incorporated 
in the airspeed indicator system so that any accumulation of water could be 
i manually discharged. It was Impossible to determine whether this pump had 
been used, but had the airspeed indicator been affected due to water in the 
pressure line, it should not have caused serious complications for one of 
Captain Scroggins 1 experience because he had undoubtedly encountered a similar 
condition resulting from the "pi tot head freezing under icing conditions. 
Moreover, any inaccuracy of the airspeed indicator would be revealed by the 
attitude of the airplane, as shovrn by the artifical horison, the altimeter, 
the power output of the engines, and the feel of the controls. 

Based upon all the available evidence, it appears that the effect of 
the rainfall could not alone have caused the accident. 
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; . ; ; - • Sabotage 

'■■; 'Examination of the wreckage aid not reveal any evidence 
of the aircraft or its controls having been tampered with prior 
to the accident. An alarm clock was found in the wreckage in a 
ds^ged condition. This clock was turned over to the Federal 
Bureau of Investigation for inspection to determine whether it 
could have been associated with a detonating mechanism. The 
Inspection of this clock revealed that the alarm had been set for 

./■ShjIS,. There was no. connection on the clock which, could have been 
used for "wiring connections necessary to have used it as a detona- 
ting mechanism. . ■- 

:, Since the door between the pilots 1 compartment and the cabin 
#as; not locked, there is a possibility that a passenger might have ! ■ 
entered the pilots' compartment and interfered in some way with the 
control of the- airplane. However, there is no evidence whatsoever r 
in. support of such a presumption and the jump seat upon which the .: 
Qbiserver - was seated in the aisle running between the pilots' .compart* 
aeiit and the passenger cabia would have made it especially difficult 
for a passenger to enter the pilots* compartment . 

i- Robert. ITilliaras, an airplane cleaner for Pennsylvania-Central . 

, Airlines j employed at Y/ashington-HooVer Airport testified that he ;: 
saw a man enter the passenger cabin of the airplane two or three 
minutes before the other passengers and that he- did not see this . V 

man leave the airplane before the passengers boarded. He could not; 
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state positively that the Stewardess or the rest of the crew 
were on hoard at the time this man entered. Since it was about 
time for the passengers te board the airplane he assumed that the 
man whom he had observed go on board was a passenger and he paid 
no further attention to his movements. No evidence was found which 
would indicate that this person entered the airplane for the purpose 
of committing sabotage. 

Two employees of the Federal Bureau of Investigation, one a 
special agent, were on board at the time the airplane crashed. An 
investigator from the Federal 3ureau of Investigation testified 
that the special agent was making a routine trip and that the 
special agents of the Federal Bureau of Investigation who came 
to the scene of the accident did so only for the purpose of iden- 
tifying the bodies of their colleagues. 

No evidence was found during the course of inspection or 
investigation to justify a conclusion that sabotage caused or 
contributed to the accident. 

Lightning 

The testimony of witnesses who were in the Lovettsvi lie area 
at the time of the accident clearly indicates that a flash of light- 
ning occurred in the vicinity of the aircraft while it still was 
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proceeding in a normal flight attitude and at a tiir,e less than 
thirty seconds before the plane's impact with the ground* 

As previously mentioned, Mr, McGaha and his son both saw lightning 
in line with the plane's flight and they testified that immediately there- 
after they saw the plane dive toward the ground, Mrs, Everhart likewise 
saw a blinding flash of lightning on the path of the flight which caused ■ 
her to lose sight of the plane. The young boy, George Pendley, in the 
house of Miss Virgie Ment^er testified he felt shocks at the moment of 
the lightning flash and roar of thunder preceding the roaring noise of 
the plane's motors. 

The testimony of a great many witnesses agreed on a sequence of a 
flash of lightning, or at least the thunder which accompanied it, im- 
mediately follovjed by the roaring sound of the plane r 'L, reotors apparently 
ending upon impact v.dth the ground. 

Several experts who testified and many data made available to the 
Board indicate that conditions in the Lovettsville area at the time of the 
accident were of a nature which could produce very strong discharges of .'■.■';" 
lightning between the cloud which was over Short Hill and the ground. 
Descriptions of the unusual darkness and other characteristics of the cloud, 
indicate that it could have generated large charges of electricity. Further- 
more, it had been raining for some time in the vicinity and the dampness of "; 

1 ■'-■ : .-■■.< :. : -S^- 

the earth would have , increased its conductivity so that electrical charges - : 

from a considerable area of the earth might collect at one point for a ; . . 

strong lightning',discharge. . Although there, is no record, of a great .number :# 
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of lightning flashes over any considerable period of .time, there was at 

least one flash and possibly two flashes a very short time hefoTe the crash 

of the airplane and one of the results was the well-estaolished splintering: 

of the wooden "butt of a rifle which was *n Mr. Baker's ham some distance 

from the scene of the accident. 

A flash of lightning close to an airplane in flight, and less than 
thirty seconds later, the crash of the same airplane into the ground, are 
two events of eo much importance taken together that they cannot he dis- 
missed as a mere coincidence and their relationship must be analyzed to the 
fullest possible extent • 

The experts who testified and the data collected reveal the extent of 
the knowledge thus far accumulated concerning the causes, character, and the 
various results of lightning discharges, together with their effects on air- 
craft in flight and their crews. As relating to the accident under h^esti-* 
gation, our analysis appropriately may he divided into four general effects 
of lightning;- "thermal, electrical, optical, and mechanical* 

The th ermal or heat effect of lightning is the one typically f»und on 
the many aircraft which have "been s truck in flight. Generally, lightning 
enters and leaves airplanes at two different and often widely separated 
structural extremities, such as the nose, the tips of the wings, the units 
of the tail assembly, propeller blades, radio antenna masts, pi tot tubes t etc» 
The point where the lightning enters or loaves the plane usually can be dis- 
covered by a hole or indentation "as small as a pin prick" or "as large as 
tws silver dollars." Occasionally, the external fabric of an airplane may 
be burnt at the point of entrance or exit of the lightning. Experience has 
revealed that the speed of the airplane through the air quickly extinguishes 
these fires leaving indications of hums in straight lines rather than in 
curves* 



The themal effect of lightning is reeiognized in the electrical and reU^I 
systems of a:\rplanes through burnt fuses, melted or destroyed wires, and otWef- 
damage cf a like nature, and there may be similar effects upon other parts at, : 
the airplane's structure, controls, or equipment. 

?ast experience has failed to reveal any case where lightning has caused 
the. fuel of an airplane to catch fire while in flight, nor is there any recoit 
of any other serious form of fire in flight from this cause. C 

In this case, although all the parts of the plane were not found, those.- 
parts Which usually are struck "by lightning were examined, together with tlae, 
remains of the electrical and radio systems. All the technicians and expeirtv 
who examined the wreckage agreed that there were none of the recognized : indi~- 
cations that, lightning had struck the airplane before its crash near love tt Se- 
ville. : v'ihere is no reason to believe that any usual forn of Jtti^laiing 3tr\jusS[jl 
the plane of that there were any thermal effects of lightning upon- th>plaiie^ 

The electrical effect is not known to have caused any injury to perscJiisv '\ 
on all-raetai airplanes of structure similar to the one involved in the press^t] 
ac^dent, which have been struck oy lightning while in f light,, nor any s^rioife 
damage to the. airplane itself. Mr. L, P. Harrison, United States Weather- .; 
Bureau?-' summarized reports on a great many cases of li^tning strikes on i. 
aircraft., including one instance of a pilot being incapacitated "because of ';■ "']■■■ 
electrical shock which Was conducted to him through the mechanism of bis ; rjadti] 
headeear, but that incident involved an airplane of a very different type Ssfed 
11; was agreed by all the experts who testified that the protection provided-; 
by the all-metal fuselage and wings and. the characteristics of the eleatries&l; 
radio, and other equipment would make any significant electrical shock %$: : ^ 



mi 



, Iff/ "lay garrison ,js. enployad.hy the, United States Weather Bureau. a| : a^,A^^ 
."V. tant Meteorologist and : has participated: in the work of the 5uWCftSjni:i?(^ 
on lightning Hazards to Aircraft of the N.A,C'.A. 
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m*<>m n?tv3iiy .i»po 0Bm . 011 the airplane TOdip con - 8ideratioUt |hlto ; 

. ; th*j electrical effect of lightning frequently produces a acetic field 
■^ MV temporarily or pe gently influence aetal parts, copses, or, 

other i^tru.ents, there is no record of 8e rious results therefroa on air- 

craft In flight. 

■;: IM electrical effect of lightning has heen known to produce a sudden 
and t rMendoualy Increased noise or vibration in the ^^ ^ ^ 
telephones or radios of such intensity as t0 produce acoustlcal Ehoofc( — 
PaciaUy under circumstances .her, earphones are held ciosely to both ea„. 
.In such an event, characteristic *ar k s are usually left upon the diaphra. 
Of the receiving unit. Although theearphonea of the plane were not recover- 
ed for e^nination. the tes tl „c„ y of experts indicated that an eleotrica! 
charge sufficient to produce acoustical shoch upon the pil „t probably would 
not reach the earphones due to the design end installation of the radio 
syatesi in the airplane involved in the accident. 

There is no reason to tellers that any electrical effact of Hghtning- 
other than accoustical shoe* .ay „„. te . n even . oontrl „ uMug ^ ^ ^ 
accident* 

B» optical effect of lightning, or of any sudden and bright light ,. 
«eu hnovn. Mrs. Everhart testified that the lining flash which occur- 
red in the vicinity of the airplane v,hile she was watching fro. a distance 
Of about 1-1/3 *ues „aa so brilliant that she was Minded for a 
during which she lost sight of the airplay Slq?irts testified that the 
nature, of llghtnlng ilWnatloa ms ^^ ^.^ ^ ^ ^^ 

and a considerable numbor of n ii n *. v. ■■ • •' ■ 

enua.hor of palots ha TO reported te-perary topairMeat t0 

thorn .eyesight fro. lightning flashes near their aircraft while in m*t 
^varying lengths of ti ffl . depending upon such conditions as the hrilliaaoa 
0* *e Hash, whether the pi lot ^.^ U rootly at the lightning,^ 
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.;d©.gi*6i9. ;: ':pf darkness -in., the cockpit and outside the plane* Some persons^ 
ibjeiri reported that the "blinding effect of a lightning flash in their via^^ 
h&&' blasted for a good many minutes or even hours with a recurring after ,/ii|g[^ 
.and other forms of interference with normal eyesight which have "been notl&ejtf 
able for several days after. 

It is evident that the cloud toward which the airplane was flying was '^ 
very dark and that the airplane was quite close to it at the time of the 
lightning flash. If the pilots had been locking forward through the wind-vv 
shield at the tine the flash occurred in front of the plane, the result ^ifcl 
have been so severe as to produce virtual "blindness throughout the dlv5e.. : £fv;?? 
the airplane to the point of impact. 

: Xt ia obvious that the sudden blinding of a pilot might seriously in^/: 
terfere with his efficient control of an airplane in flight. While the 
"blinding of the pilots in the present case might have been an added and///!;' 
grave complication in attempting to regain control once the dive had /etajt^ 
it is not believed likely that the optical effect of lightning of it pelf/ 
represents a basic, cause for the airplane to change its normal flight at'it*V 
tude and dive toward the ground. 

The mechanical or pressure wave effect of lightning was described a/CS 
some length by one of the expert witnesses, Dr. Karl B.,MdBaob>dttV.«ii.% 
electrical engineer of the General Electric Company, who has been in/cft|^ ; ,^ 

of .lightning research for the past several years and is generally recognised/ 

.18/ : :: .ir. •<"■■:£= 

as an authority of great .eminence on the subject, In one type of . lightnih|M 

stroke, there is a relatively long time, slow discharge of small value ".<4^l 

which produces a burning, or thermal effect. However, there is a very. dif^S 

8/ JDr. Mclachron is Director of High Voltage Heseaxeh Labor at orv, ^nelSI 
Electric Company i Member of Sya^-Coiamit.tee on Lightning Hazards to *£• 
Aircraft of the National Advische^ Committee for Aeronautics* ' ' "^ 
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type of lightning stroke which, lasts an extremely short space of time TO&t ih« 
volves a very high value of current and. results in a mechanical sffee^i The 
first type of lightning may set a tree on fire, -wheffe&s the latter type-may 
splinter a tree and. toss heavy pieces of wood a considerable distance "away. 
Brief, powerful dischargee set up pressure waves with Characteristically 
steep fronts which are capable of a damaging effect at a short distance" 
away from the path of the lightning itself. It should be noted that a single 
lightning discharge may involve not only mechanical but also thermal and 
electrical affects. Thus a severe lightning stroke involving a high value 
of. electrical current may disintegrate a tree while also setting it on flre» 
If the particular discharge of lightning with whicn we are concerned in 
this investigation were of a nature to produce a strong pressure wave, the 
pilots might have suffered from acoustical shock or concussion of a severity 
depending upon the proximity of the lightning to the cockpit and whether or 
hot the cockpit windows were open. Experience has revealed that such : .Z 
pressure waves have produced severe concussion upon human beings which might 
result in unconsciousness. The possibility of acoustical shock or concussion 
as one of the basic elements in this case cannot be dismissed. 

Pilots Quite frequently have reported that when a flash of lightning 
has passed near their planes they have felt a slight "bump." This would W 
a result of the pressure wave, but all available data indicate that there 
never have been any serious effects upon the stability and flight path of 
an airplane from this cause. We do not believe that lightning itself pro- 
duced such severe turbulence as to have caused or contributed to this 
.accident.". 

.The mechanical effect of lightning has been known to smash in the windows 
of buildings even though the discharge, itself may have passed some little 
distance away. Although the cockpit windows were designed, installed, and 



:'.:^8^p^ve'd ^6 withstand any reasonable impact or pressure load, it ^>pe©jpsjpj 
^entireiy possible that a. lightning flash near the nose of the plan© mightj: '%■• 
Result in' their being smashed in* The plane must have entered a torretitiiuL 
^'■^'•dsfaptfotf of rain at the time of, or immediately following, the flash o& •:;. 
r lightning in its vicinity, and if -the cockpit windows had been smashed? in^ ■ 
the pilots might have been subjected not only to the violent impact of £ly^ 
Xc ;: ing pieces of glass bat also to a withering stream of water striking t^l§;S: 
with all the force of the airplane *s speed thrOttgh the air of ISO mile#ran^ 
h6n^ and" upwards. The smashing of . the cockpit windows as a result of ; 'an ■';&;£- 
^ususually powerful lightning discharge -near the nose of the plane withpk^";:: 
consequent serious interference with the pilot's control of the airplay y^Sf 
J ijS&iina ia yoss i"bility, ■ vfy;^-;' 

• Ho airplane has been reported to have suffered structural daffiage^ifi^lt 
ing from the mechanical Effect of lightning while in flight. JHnrthbHab^e^; : 
Br* McBachron testified that the available data indicate that tte : dest^fe^i^ 
force of lightning decreases in proportion to the altitude above the gi^t^j)i ; 
'//-and., as already mentioned* it appears that the airplane in the present ca$ii 
;."'*«» flying at an altitude of 6,000 feet at the time of the lightning fletetu _- 
■' litSwever, as IhVMcEachron said during his testimony, "We are looking heire -for: 
/v^si unusual thing, not the Ordinary thing, " and the rare chance of seri^us-^ \ y .{ 
damage to the airplane or i|e controls caused lay lightning should not *^<^r-- 
; Rooked* If the 'mechanical effect of lightning may have been a factor ciiiei^ 
the accident, the smashing impact with some part of the plane's structures' : ■■■''- ■ 
typically would haire left none of the usual indications of a lightning ^rijta^ 
of a thermal nature. A Violent pressure wave conceivably could damage ■I't^-f?;- 
tail of an airplane to such an extent as to cause- the loss of all horma^^^WM! 
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flight control, but the testimony of eye witnesses as to the relative 
position of the airplane and the flash of lightning would lead to a 
conclusion that the lightning discharge occurred in front of the plane 
. rather than to one side or in back* 

According to Dr. McBachronls testimony} the greatest damage' isy 
lightning occurs at or near the earth terminal of a brief, high current 
value discharge. It is natural to consider the destructive force of 
such a discharge at or near its cloud terminal. There is some reason 
to believe that the airplane in this case must have been just about, to 
enter the cloud and its rainstorm at the exact moment of the flash of 
lightning. It is useless to speculate as to whether or not this airplane 
may have been in the cloud terminal of the lightning discharge or what 
may have been the effect of its being there since Dr. McEachron pointed 
out the limited knowledge on the subject and the obvious difficulty 
of research. 

Upon the evidence of record, wo cannot conclude that the airplane 
was struck by the usual type of lightning which produces a thermal effect; 
that the airplane or its crew were injured by any electrical effects of 
lightning other than acoustical shock; or that lightning itself produced 
any turbulence which changed the flight attitude of the plane, tfe, there- 
fore, conclude that none of these phenomena of lightning were related to 
any cause of the accident. 

We do think it possible that lightning may have temporarily blinded 

the pilots or that the pressure wave resulting from the lightning may 

may have 
have- subjected the pilots to acoustical shock or concussions/smashed the 

cpckpi.t windows, or may have caused other damage to the structure and 

controls of the airplane through mechanical effect. 



CONCLUSION 

-%:«:> 5fhe Board in this proceeding, in accordance with the statutory aaa* 
date, is reporting the probable , not the certain, cause of the accident, 
tlndOTibteSly the Board' s statutory duty was thus defined in the Act in 
"recognition of the fact, well known to the Congress, that due to the ." ■'" 
meager and inconclusive character of the evidence available, the Gircua^r. 

. Stances surrounding air accidents h-.ve at times "been enshrouded in : o%i%#:: 

. : rity. Probability flows from evidence which inclines the mind to a cSh^i : 
-elusion but leaves room for doubt. The Board in the present case is.^ceii 
with just such evidence; evidence which suggests events but offers ho'^asis 

- ; for -certainty with respect to them. Most of the subsidiary findings yi&ick _ 
follow, therefore, and certainly the conclusion as to the probrble -cadse: : 
.Of, the accident represent what appears to the Board to be the raaxiii^l^ : ';U;; 

^^bability with: respe ct to the several matters to which they relate^lfn^ 
%&e. instances the; conclusions lie in a twilight zone in which it has ^pK- : ;- 

:'extreraely. difficult to distinguish between probability and possibility^-^ 

.;,■;■'.,■. '-■. ....--■■■■■ Findings -of Probable Eact 

v-:;;;:r ..-.?f e fini the probable .facts to be as -follows! 
; - '■]]■. :'-Q\ [ The accident ne&r Lovettsville, Virginia, on August 31, l?40:i 

in which aircraft NO 2178S was destroyed and 25 lives lost, occurred at ; .: 
;app.rpxiaately r 2J.4l.P.M. . (SST)., .- 

v-,',- >v{2);'At;the -tisae.of departure fros Washington at 3:18 P.M.,; the.a^sf;:/ 
: craft , its equipaent,. and its personnel .were, in proper condition- to-. ^p^-S 

take the flight, and.all .raquirenents of law, regulation,- and. cosp^ 
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practice had "been complied with. 

(3) A mechanical adjustment made immediately prior to departure, to 
correct lowered oil pressure on one engine, was without significance with 
respect to the accident. 

(4) The flight was dispatched in accordance with norraal procedure, 
and all information in the possession of the Weather Bureau and the con- 
pany meteorologists had been taken into account in connection with the 

: dispatch.. ■ ■ 
■ ; (5). The weather forecast contained nothing which would normally -havo 
raised any question about the advisability of dispatching a regular air- 
line operation. ' 

(6)- The weather forecast was nade in as much detail as the present 
stote of neteorological knowledge peraits, and proved to have "been sub- 
stantially accurate except for the onission cf any r&f orence to extraordi- 
narily heavy rainfall, 

(7) Innediately prior to the accident the airplane was proceeding on 
it3 nornal course, and at noroal altitude, in accordance with the flight 
plan. 

(8) The airplane "began its descent in the iiOiriediate neighborhood of, 
and innediately after, an intense flash of lightning. 

(9). There were several other lightning flashes within a distance cf 
two or three oiles, and within a short space of tine before and after the 
.accident. 

(10) The thuhderstoru was accompanied, or immediately followed, by 
rairifall of extraordinary intensity, the heaviest known in the ne ighboriSood 
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i| ; ;Seiretai- " years. *: 

: : ;'^^;5^^1} ■■'■ ihe' descent of the aircraft began approximately at the. .'t : M^/tf df 
rif^i^ateriiig: the area of intense rainfall. 

.': '■■;■ '..; :'"M$- .'P 10 :£l* through which the airplane was flying at the t.irie.of ; 
■thS. accident- was turbulent. 

; : : ^\^('13^/ 3fee- airplane did not spin or undergo any substantial .l^tti^-flf 
deyiatioa fron its course during its descent. 

. (14) At sone time during the descent the propellers were tur^ihstai:' 
-. . substantially' ahove their- rated speed. 

■ : vtlS), The speed of the aircraft at the instant of strifeing the^ouod 
approached or exceeded SOO nilos per hour. 

: :..,Cl6>. .This speed could have been reached in a steady descent f^©;-"^. 
cruising altitude. along, a path inclined 30. degrees to the horisoai^^V. 
]'.^.:W7) : 'fhe. : "aircraft- at the tine of take-off -was -loaded ■ -«!d^^^|p§t^- 
...tsyit.s.aaxlauis weight liait^but was clearly within that lenity -^ v^fe^c-; 
;... (If). The center of 'gravity, of the airplane was. in an. inters ed^fp^^- 
.position and, the airplane would. h-ve had strongly positive lpn^itud^^^A"-- 
■stability' as a result. ■■:T^:^V/^ 

,: . (19) To maintain a path an^le inclined as iauch as 30 de^ees"to|tfee: ; ■ 
horizontal or any steeper . angle , it would have been necessary to iraintafci/ ' 
: : ^..steady pressure' of. at least pounds; against the control colu^s^dW:*: 
to, jaD or block the controls in a fixed position. 

: r ; (20) The altitude and position of the. airplane at the tim^/o^t^V-i-- 

first:; indications of trouble, was = such that if the. difficulty haa-beei'l^/^ 

^ower^plaiit'f allure- the pilot' could hove, turned, back .coi3pletely--'^jQ^J&, 
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the storm area and made a forced landing under reasonably good conditions. 
(21) Power plant failure had no causative relation to the accident. 
(23) There was no structural failure prior to striking the ground. 

(23) Immediately upon imprct the fuel carried in the aircraft (about 
400 gallons at the time of striking the ground) caught fire and burned 
with great rapidity. This was accompanied "by an immense "burst of flame 
and the production cf rapidly rising currents of air. 

(24) Individual parts of the aircraft continued to "burn for some 
jainute;-- before being completely extinguished by the rain which had its 

■full intensity at the point of impact. 

(25) The papers and pieces of cardboard fcund at distances up to 
1-1/4 miles back along the flight path f roa the point of impact were carried 
there immediately after the accident by violent rising currents of air 
caused, in large part, by fire following impact and a light westerly Wind. 

(26) There was no fire in the aircraft prior to impact. 

(27) There was no sabotage. 

■ (28) The airplane was not actually strucfe by lightning. 
(.23) ' The airplane was in some fashion affected, or the pilots dis- 
abled, by some effect incidental to a stroke of lightning, such as its 
mechanical effect on the airplane, or acoustical shock,- concussion, or 
optical impairment of the pilots. 
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In view of the absence of persuasive evidence that the accident was ce 
by structural failure of the airplane, mechanical failure Of its motors, fi 
heavy rainfall, or sabotage, we are left with turbulence and lightning asl 
two najor possibilities on the present record. While it has "been found thi 
the airplane was flying through turbulent air at the tine of the accident, 
: -sQens highly improbable that turbulence alone could account for the loss o"! 
5000 feet before recovery of level flight, .It is possible, of course, tha: 
involuntary interference by the juap seat occupant , who may have been throi 
Unto the eocJcpit, could have accounted for the inability of the pilots to ) 
gain control once it had been lost, .(^he Board has under consideration a r 
lation prescribing the technical qualificptions of any person who may be p 
fitted to occupy the jump seat.) 

Especially in view of the absence of persuasive evidence indicating a 
other probable cause of the accident , we are greatly impressed "by the evii 
of the coincidence of the lightning flash seen to be in close proximity to 
airplane and the inur.adiate descent of the airplane. Nor is this inpressio: 
altered by the fact that all-net al aircraft are commonly struck by lightni 
with no injurious results and that the character of the lightning discfaarg 
well as its effect upon the airplane and crew, in the present instance ass 
regarded as an extremely u-.usual occurrence. . 

Probable Cause 
Upon the basis of the foregoing findings of probable fact and the ent 
record in this investigation, we find that the probable cause of the accid 
to aircraft KC 21789, which occurred at Lcvettsville, Virginia, on August 
1940, was the disabling of the pilots by a severe lightning discharge in 
the immediate neighborhood of the airplane, with resulting loss of control 
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Recommendat i en s 

(1) The possible effects of lightning upon aircraft should he the 
subject of continued research. The difficulties of direct research upon a 
natural phenomenon occurring unpredictably as to tine and location, and only 
at considerable intervals in any particular area, are obvicus. Nevertheless, 
much has been accomplished in the last twenty years in a nuaber of laborato- 
ries. The National Advisory Coruittee for Aeronautics has for some time had 
a special subcommittee en Lightning Hazards to Aircraft, en which interested 
Government departments and airlines and industrial laboratories having given 
special attention to lightning are represented, . and some specialized researches 
have already been conducted. We recommend that further attention be given to 
such research, and that there be included among ether matters the study of 

the optical quality of lightning flashes, the nature of their blinding effect, 
and the extent to which protection can be given against blinding by the use 
of ■windshield materials of various light-transmission characteristics; the 
possibility of acoustic shock through radio earphones , and the extent to which 
the liability of such shock would vary with the particular characteristics of 
the earphones used and of other parts of the radio installation; and the 
possible mechanical effects of lightning on aircraft in flights. 

(2) A continuation and accentuation cf research on atmospheric turbulence. 
Here again, as in the case of lightning, direct research is difficult, but a 
substantial amount has already been accomplished. 17e believe it important 

that the existing store of knowledge of the nature of atmospheric turbulence, 
of its structure when its severity is at a maximum, and of its effect on the 
flight performance and the control of the aircraft should be extended as 
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v^i^as possible. It is of particular i^ort^* that further Pledge - 
^uidb, sought on the probabilities of association of extreme turbulence . 
^h "predictable aeteorolcgical conditions, so that the likelihood of such | 
turhuience can itself be predicted. The develop^ of a generally acceptable 
soi -of measar^eat of the severity of turbulence, and of a standard nose*. . 
ciature for the various types of turbulence, would also be valuable as a | 

possible product of further study. It is hoped that research in this field 
: ;-^£&&t) a high priority with the Weather Bureau, the National Mvisory 
. Goanittee for Aeronautics, and such other governmental and private agencies | 
fts eiay have special interest in the prohlea or special quallf ications to ; deaj| 

«i«s ■■!*■>' •■. 

(3) Methods should be developed for collecting and correlating the 

eiperieiices that airplane pilot s niay have v 1 th exceptional turbid ence , cr 
other unusual atncsph^ It happens free time to ti*e. : thWaJ;* 

pilot ; V .:ffiiiifcary»: airline^ or private* observes soue exceiptional atraospheric v 
/.cghditiGa, or scse exceptional effect upon the flight of the aircraft, fhe 

.;, ,abili ; j&;;.of -.pilots to benefit frcni one another I s experiences in such Batters -;f* : 
is , quite. J^g$y 2„iaifed tc the results; of infernal report. It would be of 1 

V-gre&t value in connection with continued research an atap spheric structure ?; 
and, its effect on aircraft if records of all audi: exceptional experiences / 

■..o^u|d -be -brought . into the : hands, of a s ingle -^agency:, ■ Xcr. coxiparlson and -the ..■ D; 

. ■ development- ■cf such generalized conclusions as. the collected mass of data flaf. 

■aii6^. ; ; . 3Sie : Hationsl advisory Go?3aittee for Aeronautics has already Bade pro- 

gress. along this line., with specific reference to '-the magnitude cf the accel-; 

■.,^* ; ^® ; ,^.:^f c ^f t . in. turbulent'. air and- to the .conditions; noted by pii<>M ■■;.; 



a t the time of lightning strlk&s » but it wo'sH appear that a such rojre extended 
progrso of collection and correlation of data would be possible. It is rsco»- 
mended that this matter receive the consideration of ell organizat ion* operat- 
ing substantial fleets of aircraft, and of the national Advisory Coaasittee for 
Aeronautics, which already has in existence a 8ttfe-caffiBitt.ee on Betaorelegicftl 
problems on which the Administrator of Civil Aeronautics, tbs leather Biweaa* 
and the Army and H**vy as the major aircraft-operating departments of this Severn^ 
meat are- all represented. 

(4) Where pilots encounter conditions not shows in the latest >ea*her re- 
port for the area or in any forecast, including those -cases is which they en-^ ■■'?. 
counter turbulence of what appears to thes very, exceptional. inteEsiiy, their 
observations should he transmitted to tire aearegt available Weather Juraaa of - 
fice at ...the earliest possible .oossaat. Sot. only wotild :& estter-esiahlisifcfwt : . 
practice la this particular ha of : as si stance in correcting- and atiplifytiig mtr, ■ 
rent reports for tbs benefit of - other pilots . and for the tsproveaent-of fogfc-T ' 
casts currently being '. aade, but InforHatios received ■ on . current ■ tt^l^e^a eo^;: ; : 
Mtians should be of assistance In 'research on the fora casting '.of. turbt&enCs . ■ 
by making it possible to establish. irradiate correlations between twhulaaee ■";'■■: 
data and other weather information which; can be currently .secured for; the: 
regions' of reported exceptional tsirbaltnca. 
*H2 CIVIL AJSEOSAUflCS -SOAKD? 
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APEBSLIZ A 

The following passengers were on "board the airplane at the tir^e of 

the accident: 

Hiss Dorothy Beer, 106 Maple Avenue, Abingdon, Illinois 

Mr. E. G. 3owler, 245 Ashland Avenue, Mt. Lebanon, Pittsburgh, Pa. 

Mr. W. M. Burleson, 57 Look Lane Hoad, Pdchnond, Virginia 

Mr. W. 3. Chambers, 17 Craighead Hoad, Pittsburgh, Pa, 

Miss Mildred Chesser, Mineral, Ohio 

Dr. Charles D. C. Cole 5205 41st Street, K. W. , Washington, 3. 0. 

Miss laoni Colpo, 3631 ITewark Street, 1T.V7. , Washington, D. C. 

Mr. A. H. Elliott, 375? McKialey Street, 1T.W. , Washington, B. C. 

Mr. Williaa Garbose, U.S. Department of Justice, Washington, D. C. 

Miss Evelyn Goldsmith, 5847 Douglas Street, Pittsburgh, Pa. 

Mrs. Rose Z. Hale, Pennsylvania /Apartments, 4403 Center Ave. , 

Pittsburgh, Pa. 
Mr, Arthur Hollaway, 838 H.E. 34th Street, Oklahoma City, Oklahoma 

Mr. H. J. Hcfferth, 5531 H. Spalding, Chicago, Illinois 

Mr. D. P. Janes, 1212 Lee Street, Jefferson City, Missouri 

Senator Ernest E. Lundeen, 6231 39th Street, H.W,., Washington, D.C. 

Mr. M. P. Mahan, 1610 Q-randville Avenue, Chicago, Illinois 

Mr. Ado lph Mook, 1788 Lanier Place, Washington, D. ' C. . . ' 

Mr. Joseph J. pesci, 213 West Market Street, Blairsville, Pa. 

Miss Chloe Post, Minerva, Ohio 

' Mr, E.. J, Tarr, 1723 19th Street, U.W. , Washington, D. C. 

Miss Margaret Ohirner , Huddleston, .Virginia 

ooooOyOoooo 



APPMDIX . 3 

Weather Analysis 

The weather analysis for August 31, 1940, prepared by meteorologists 
is as follows: A weak occluded low pressure area was located 'over the 
lake Superior region, with its principal front occluded at the center of 
the system, 'becoming a cold front of weak intensity extending f row the 
central portion of Lake Erie south- southwestward across '.'Ohio, where it 
"became too diffuse to remain of any importance. There were indications 
of a cold front of more active nature running from the center of the de- 
pression south and southwestward across lake Michigan to the Missouri- Iowa 
State line, where it also hecrjne fcoo diffuse to he carried any further. 
East of Illinois the pressure gradient was comparatively. flat. An anti- 
cyclonic circulation prevailed along the Coast north of the Virginia Capes 
produced "by a high pressure area situated so&e distance off shore in the 
Cape Cod area. The very sluggish circulation resulting frpia this pressure 
distribution and the saturated state of the lower layer was such that a 
widespread low cloud deck, with considerable fog, was reported in all sec- 
tions of the area extending f roa the northern Snpky Mountains northeast- 
ward, to the central St. Lawrence Valley. 

The neteorolqgists stated .that while the fronts did not exert a. domi- 
nating influence over weather conditions in any section southeast of the 
Lakes, the approach of any front:, no matter how weak,. would contribute to 
the vertical lifting of an air mass which was already being acted upon by 
other forces such as convergence, aerographic; lift, etc.: There was no tem- 
perature differential in the horizontal between Pittsburgh and Washington, 
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■. fhe tropical hurricane which'.-was- -reported moving slowly northeast- - 
ward, over the South Atlantic was considered by the weather experts ?.s tfr- 
ing too far removed, at any time during the period under consideration to 
be soi influencing factor. The above analysis was based entirely upon a 
synoptic -weather maji.wi.th upper air directions and velocities and avail- 
able radiosonde data superimposed. 

Wenther Forecast 
The following is the airv/ay forecrst issued sy the Cleveland station 

of" the U.S. Weather Bureau for the period 11:30 A.M. 'to 7:30 P..M. (EST)>: 

for the : route Detroit to Washington: 

"Weak low' pressure central over eastern Lake Superior and nor- 
thern Lake Michigan with poorly defined and weak cold front near 
Indianapolis, Grand Hapicls, and north westward at 7:30 A.M. : Pres^' ; : : , ; 
sure gradient is very flat throughout this district. Cloudiness; 
will increase to broken or overcast to westward of mountains with - 
ceiling 4 to 7000 and lower clouds 2 to 4000 variable scattered to .■_■■:.-..'. 
broken first quarter and broken to overcast thereafter. Scattered 
showers in afternoon and some nild thunderstorms probable central 
Michigan, eastern Indiana and western Ohio second half period. Over- . 
cast to occasionally broken clouds mountains eastward with fog dimi- "■->'. 
nishing and ceiling lifting to .6 or 800 over higher terrain and 1 to;': 
2000 ground scattered showers through moiou tains and some mild "thunder^, 
storms likely in afternoon. -Local areas of very low to low visi- .;■/:':: 
bility with fog slowly dissipating over middle and eastern ridges:. : :^ : V_ 
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first quarter "but improving to "between 1 and 3 in afternoon hours 
and to "between 6 and 3 other sections. Visibility "between 5 and 
10 westward of mountains. Winds aloft 250 tc 270 degrees 20 to 
30 raph." 

The trip forecast issued to the captain "by the Company's meteorologist 
was as follows! 

"Trip 19 forecast; 

"Washington to Pittsburgh. - cruising altitude 6000 feet, wind 
.260°, 10 nph, temp. 66. 

"Pittsburgh to Cleveland - cruising altitude 2500 feet, wind 280° » 
10 mph, temp. 76. 

"Cleveland to Detroit - cruising altitude 4000 feet, wind 220°, 
30 mph, temp. 72, 

"Overcast to "broken, Washington to Pittsburgh, "base 1500, 
Washington area top 5500 over ridges stop "broken to scattered 
Pittsburgh to Detroit, "base 5000 lowering to 3000 in scattered 
nild to moderate thunderstorms stop 

"All terminals scattered to "broken at 5000 lowering to 2000 in 
thunaerstorcis , visibility unlimited, lowering to 3 in storms signed 
Coons Pittsburgh 13T30 p.m." 

The "-sequence weather reports and forecasts available to Captain 
. Scroggins at the time of. scheduled departure-, . If 50 P. M.. (EST) and which 
.:•" appeared on the clearance, were.as follows: .'.-.': 
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12:35 p.m., EST - Washington, B.C. C (satisfactory for flight under 
contact flight rules) Ceiling estimated 1400 feet overcast lower broken 
clouds, visibility 7 miles, light rain shower, pressure 1017.3 millibars, 
tem-. 78, dewpoint 74, wind SW 5, altimeter setting 30.03. 

Frederick, Maryland, Special observation. — ' Ceiling estimated 900 
feet, overcast lower "broken clouds, visibility 6 miles, light rain, temp. 78* 
dewpoint 74, wind V7SW 7. 

Front Royal, Va. Ceiling estimated 3500 feet, high broken lower broken 
clouds, visibility unlimited, pressure 1016.9 millibars, temp. 80, dewpoint 
73, wind N 3, altimeter setting 30.03, scattered clouds at 2000 feet, thunder- 
heads all quadrants. 

Martinsburg, W. Va. Special observation. Ceiling estimated 3800 feet, 
overcast lower broken clouds, visibility 7 miles, pressure 1017.3, temp. 74, 
dewpoint 71, wind 3STW 8, altimeter setting 30.04. 

Elkins, W. Va. Ceiling estimated 4000 feet, overcast lower scattered 
clouds at 800 feet, visibility 5 miles, light ground fog,' pressure 1018.3 
millibars, temp, 69, dewpoint 66, wind SB 4, altimeter setting 30,11, west 
ridge obscured, 

Middletown, Pa. Special observation. Ceiling estimated 1200 feet, - 
overcast, visibility 5 miles, light fog, pressure 1016.9 millibars, temp. 75, 
dewpoint 71, wind WNW 10, altimeter setting : 30.02, lower scattered clouds at 
800 feet. 7 : :; 

1/ A "special observation" is one ;tateen between:: regular reporting times; 
Its purpose is to report abrupt and extensive changes in the weather. 
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%^-^'f:'S^risb'arg, Pa. C (satisfactory for flight according to contact flight 
~^H- jHd^is)^ "Ceiling estimated 1000 feet, overcast lower scattered clouds at 800 

-. feet, visibility 4 miles, moderate rain showers pressure 1016.6 millibars, 
,; : tesp. 73, dewpoint 72, wind HW 3, altimeter setting 30,02. 

■ 0oye Valley, Pa. Special observation. Ceiling 3000 feet, overcast 
^r, t'lowar '"broken clouds, visibility 7 miles, pressure 1017.6 millibars, temp. 72, 
L -;: -dewpoint 68, wind mis 3ing, altimeter setting 30.07, overcast at 6500 feet. 
^'■^^.-'■'■■v:-- 1 .^^^!©^, Pa, Special observation. Ceiling estimated 7000 feet, 
W : :ovsrcast lower scattered clouds at 2000 feet, visibility 7 miles, pressure 
■:::'" : ; 1017^3 millibars, temp.. 70, dewpoint' 64, wind S 3, altineter setting 30,12, 
:i: breaks in overcast. 

-:■: . Pittsburgh,. Pa, C (satisfactory for flight according to contact- flight 

-.;_ rules). STe-cial observation. Ceiling estimated 2500 feet, overcast thin , 

: -" : \lpwer; broken, clouds, visibility 4 miles, light fain shower, flight smoke^.. 

;; : ; pressure; 1017* 6 millibars, ter.p. 69, dewpoint 65, wind KTrf 2, altimeter 
setting 30,07. 
\ > ■-: ; East Liverpool, Ohio. Ceiling estiriat 3d 3500 feet , high and lower broken 
^Y^o^s, visibility 4 niiles, hazy, pressure 1017.3 millibars, tsmp. 74, dew- 
^£.^i^;68,Vwind S 4, altimeter setting 30.05 . \ 
;. r . ..... Gambridge : , Ohio, Ceiling estimated 2500 feet, broken lower broken clouds 

. visibility 8 miles, pressure 1017.3 millibars, temp. 81, dewpoint 66, wind 
v; : ^ ; 7^ altineter setting 30,05.' x:./ ■;-":.'/, '. : ";f; 

, 7- : ^ : : ,::y ;.■: ;;^k^pny -Ohio, C ( satisfactory for flight according to contact flight : 
^'0;^?*M''- ; / Ceiling unlimited high broken clouds lower scattered clouds at 3500 ; 
•i^?l^* Risibility -unliniited, pressure 1018,0 millibars, temp. 79, dewpoint 50, 
^^^4:SE-4,. altineter sotting 30,08. 

■^/j^B - :-'-""-;-" ■'" '"'■ ''■ ....."■'■;' " ."; '■■-".'.-■■"...:.■ ' ■ :'■ ■' ^-yj.: 

0r^z~jj:h\-'' m "■'?. ""■ '-■■ - '■''-.."■'."■ '.■■--'■ ?":'-"-■"■' 

rQiirQif-. .:-..-.■■*:■. :-i. .■ ■ ■■ ...■.""■■■-.■ J". ." 
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Cleveland, Ohio. C( satisfactory for flight according to con- 
tact flight rules) Ceiling -unlimited scattered clouds at .8000 feet, 
visibility -unlimited, pressure 1017.6 millibars, temperature 79, ; dew;- 
point 52, wind SSW 2, altimeter setting 30.05. 

The 1:35 p.m. weather sequence may have been available to Captain 
Scroggins prior to departure from Washington, since the departure of the 
trip was .delayed, or he nay have obtained the weather data from this se- 
quence by listening in on the Washington radio range frequency. ■:.->;: 
Washington, D. C. C (satisfactory for flight according to 
contact flight rules) Ceiling estimated 1500 feet, overcast lower.; -;_ ; 
broken clouds, visibility. 5 miles, light .rain shower, pressure 1016.3;.: 
millibars, tenp. 76, dewpcint 72, wind SW 10, altimeter setting SO. 00. 
Frederick, Md. Ceiling estimated 1000 feet, overcast lower.;. -.-... 
broken clouds, visibility 1-1/2 miles /light thunderstorms, moderate;:^- 
:: rain,- light; fog, temp. 77, dewpoint 75, wind Sf 12." 

:,: Iroat Hoyal, Va. . Ceiling estimated 2500 feet, broken clouds' .:..; = 

. ' iofer broken clouds , visibility unlimited, light rain showers, pres-^.,;^ 

sure. 1015.6.: Biliibars, temp-. 76, dewpoint 74, wind calm, altimeter '> 

;:::;' Martinsburg, W. Va. Ceiling estimated 6000 feet, broken clo/UdSf-: 
-lower: scattered clouds at 4000 feet, visibility 7 miles, pressure 
1016>3 aillibars, temp. 78, dewpcint 70, wind NNW 4, altimeter set-, - : 
ting 30.01. 

: Slkins, W. Va. Ceiling estimated 60O0 feet, overcast lower 
-scattered clouds at 800 feet, visibility 7 miles, pressure 1.017.6'. 
; .ffiiHibarsv Yt'emp. 72, dewpcint 63, wind. S3 4, altimeter setting -30.10*":,; 
Middletown, Pa. Special observation. Ceiling estimated 1200 .^; 
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feet, overcast lower "broken clouds, visibility 2 miles, light rain 
shower, light fog, pressure 1016.9 millibars, temp. 72, dewpoint 70, 
wind WM 12, altimeter setting 30.02, coalitions extremely variable, 

Harrisburg, Pa. N (satisfactory for flight under instrument 
flight rules) Special observation taken at 1:3? p.m.., 31S!E. Ceiling. 
estimated 800 feet, variable overcast, visibility 1-1/4 miles,, vari- 
able light thunderstorm, heavy rain shower, pressure 1016.3 millibars, 
temp. 72, dewpoint 71, wind S3 5, altimeter setting 30.01 

Cove Valley, Pa. Ceiling estimated 3000 feet, overcast lower 
broken clouds,, visibility 8 miles, pressure 1017.3 millibars, temp. 
74, dewpoint 68, wind calm, altimeter setting 30.06, overcast at 
6500 feet. 

Buckstown, Pa. Ceiling estimated 7000 feet, high overcast lower 
broken clouds, visibility 8 miles, pressure 1015.9 millibars, temp. 
74, dewpoint 64, wind SW 3, altimeter Setting 30^09, lower, overcast 
to the east. 

Pittsburgh, Pa. C (satisfactory for flight according te contact 
flight rules) Ceiling estimated 2500 feet, overcast thind lower broken : 
visibility 4 miles, light thunderstorm light rain shower, light smoke, 
pressure 1016.9, temp. 68, dewpoint 66, wind M 9, altimeter setting 
30.05, overcp^st at 5000 feet.. 

East Liverpool, Ohio. Special observation. Ceiling estimated 
4000 feet, high and lower broken clouds, visibility 4 miles, hazy, 
pressure 1016.9 millibars , temp. 77,' dewpoint, 68, wind W 4, alti- 
meter setting 30,04, wind shifted from the- south at 1:35 p.m. 
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Cambridge, Ohio. Ceiling estimated 3000 feet, broken clouds , . 
visibility 9 miles, pressure 1016.6 millibars, tenp. 80, dewpoint 63, 
wind WKW 10, altimeter setting 30.03. 

Akron, Ohio. C (satisfactory for flight according to contact 
flight rules) Ceiling unlimited, high scattered clouds lower scat- 
tered clouds at 4000 feet,' visibility unlimited, pressure 1016.3 
millibars, temp. 81, dewpoint 49, wind S 4, altimeter setting 30.02. 

Cleveland, Ohio. C (satisfactory for flight according to con-r 
tact flight rules) Ceiling unlimited, clear visibility unlimited, 
pressure 1016.3 millibars, temp. 83, dewpoint 56, wind SSI 7, alti- 
meter setting- 30. 01. 
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; -■ APP3SJDIX3 ■ : , ■ ;■: , 

Radio logs for Pennsylvania-Central Airlines reveal the following 
information in connection with the operation of Trip 19 cf August 31 J 

3 ; 03 P'ia. - Pittsburgh ground station called Trip 19.. .Ho acknow- 
ledgment v Pittsburgh repeated the flight plan which had "been approved ; - 
f or this trip. 

2:08 p.o. - Captain Scroggins to Pennsylvania-Central Airlines 
ground station, Washington: "Have a mechanic come out and turn -our oil V 
filter. 1 ' Keply: "9K will do." 

2: 23 p.m. ~ Aircraft to ground station, Washington:. "Trip 19 left 
the ramp 2:18 off the ground 2:21.". Acknowledged by ground station " ■ 
2:24 p.m. ■ 

2:31 p.p. -, Trip 19 to ground station: "Trip 19 Herndon fan marker - 
2:31 4000 feet climbing contact : . n He gave his first departure from ramp 
at Washington: "Trip 19 first time leaving ramp 2:02 returned at 2:07." 
Acknowledged. , 

. 3:03 p.m. ~ Ground stations at Pittsburgh and Washington called . 
Trip 19. No acknowledgment. Pittsburgh broadcast to Trip 19: ^Cleared 
Washington boundary to Scottsdaie cruise 6000 Sccttsdale at 4000- no delay 
expected traffic Trip 42 departed Pittsburgh 2:59 cruise 5000.!! ■ 

3:10 p. m.. - Pittsburgh ground station to Trip 42: "If you see Trip 19 
on the way give us a call." 

3:14 p.m. -. Pittsburgh called Trip 19.: "Trip 19 advise your passen- 
gers you will change ships at Pittsburgh," Sot acknowledged. 
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3:24 p.m. - Pittsburgh ground station to Trip 19: "Trip 19 cleared 
Jrostburg to Pittsburgh, tower circle field at 250Q feet "before landing an<I H ■■!'. 
look for light and will "broadcast it on range. A1723PYW "broadcast it. Also;- 
change to night frequency and give me a call." Not acknowledged. 

3:39 p.m. - Pittsburgh ground station to Trip 19* ' "Trip 19. svdtch 
over on "battery also change transmitter and try western day frequency and 
night frequency." Not acknowledged. Pittsburgh to Detroit: "Stand by on ; 
western day and night frequencies." Pittsburgh repeated the above instruct 
tions to Trip 19. . Hot acknowledged. 

3:39 p.m. - Pittsburgh to Trip 19; "Trip 19 change over tc batteries V 
and try changing your transmitter to western day and night frequencies. n J : '0' 
Hot acknowledged. 

3:41 p.m. - Pittsburgh to Trip 19: "Trip 19 Pittsburgh weather- 
3 j 35 p.m. estimated high broken lower broken visibility 4 Mies smoke S3 j&t 
AI/M 3000 scattered 2500". Net acknowledged. The above message was rep;e^||c( 
to Trip 19. Not acknowledged. 

3:44 p. n. - Pittsburgh to all ground stations: "Suspend traffic andr 
operations for tine being." ■ ''* ■ ' V:j-\ 

3:48 p.m. - Pittsburgh to Airways Radio Sange Station: "Airways brost^.' 
cast clearance on BLV. " Heply: "OK will do." 

4:04 p.m. - Washington tc Trip 19: Repeated 3:35 weather sequenced 
tfot acknowledged. ....,■.. 

4:04 p.m. - Pittsburgh broadcast complete weather sequence to Trip 19 ^k:^ 
Hot- acknowledged. 



. 4:0,7 p.m.- Pittsburgh to Trip 19; "A ship south of .the field about 
4:02 at about 3000 circled then turned, south into the overcast." 

4:17 p».m. ~ Pittsburgh to Airways at Pittsburgh: "Airways advise, ail 
ships coming into Pittsburgh at the pilot's discretion until we hear from 
PCA Trip 19." ' . 

i'^.M'. " Pittsburgh called Trip 19. Not acknowledged. Pittsburgh 
to Harrisburg: v Did you hear Trip 19 call you?" Karrisburg: "Ho. 1 * 
Harrisburg called Trip 19. ITot acknowledged. 

. 5:23 p.n. -Pittsburgh to all stations : "Resume normal operations 
and traffic." 
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